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PREFACE 

TO 

THE  FOURTH  EDITION, 


The  present  Volume  contains  above  one  fourth  more 
letterpress  than  the  Third  Edition:  being  printed 
closer,  and  in  a  fuller  page,  in  order  to  comprise 
numerous  additional  facts,  and  the  important  dis* 
coveries  recently  made  in  Geology.  There  are  five 
entirely  new  chapters,  beside  considerable  additions 
to  most  of  the  former  chapters.  The  new  chapters  in 
this  Edition  are:— Chap.  XV L  On  tlie  Formation  of 
Secondary  Limestone  and  Sandstone,  and  on  the  pro- 
gressive  Developement  of  Organic  Life.  Chap.  XVII. 
On  the  Quaternary  Strata.  Chap.  XX.  On  Subter- 
ranean  Currents,  and  on  Caverns.  Chap.  XXII.  On 
the  Elevation  of  Mountain  Ranges  and  Continents. 
Chap.  XXIV.  On  the  Temperature  of  the  Earth;  on 
Central  Heat;  and  on  Astronomical  Causes  illus- 
trative cf  Geological  Theories.  Beside  two  ne^ 
plates,  the  present  Volume  contains  also  numerous 
wood-cuts. 

Since  the  publication  of  the  Third  Edition,  the 
Author  has  revisited  several  of  the  localities  which 
were  the  scenes  of  his  earliest  investigations  ;  he  has 
also  examined  certain  parts  of  England,  of  which  the 
geology  was  dubious ;  and  has  inserted  in  this  work 
such  alterations  as  were  deemed  necessary.  These, 
however,   bear  a  small  proportion  to  the  valuable 
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labours  of  foreign  ami  English  geologists,  during  the 
last  five  years,  of  which  an  account  is  given  in  dif- 
ferent parts  of  the  vohime.  In  a  preliminary  dis- 
sertation on  certain  living  species  of  animals  tliat 
elucidate  fossil  conchology,  and  also  in  the  work 
itself,  the  author  has  endeavoured  to  direct  the  atten- 
tion of  geological  students  to  a  subject  hitherto  much 
neglected.  Great  importance  is  attached  to  the  study 
of  fossil  shells  ;  but  the  character  of  the  animals  tliat 
inhabited  them,  or  the  power  they  might  possess  of 
modifying  the  form  of  the  shell  under  various  cir- 
cumstances, has  scarcely  been  thought  of.  Some 
French  conchologists  are  endeavouring  to  establish 
the  doctrine  that  fossil  conchology,  independent  of 
the  succession  and  stratification  of  rocks,  is  the  only 
true  basis  of  geology;  and  a  trifling  difterence  in  the 
form  of  a  shell,  is  deemed  sufficient  to  constitute  a 
new  species,  and  to  warrant  the  most  important  con- 
clusions respecting  the  age  of  rock  formations.  Cato, 
when  the  Roman  Haruspices  were  gravely  examining 
the  entrails  of  the  sacred  victims,  to  ascertain  the 
future  revolutions  of  empires  by  the  convolutions  of 
the  intestines,  said,  that  lie  much  wondered  how  they 
could  refrain  from  laughing,  whenever  they  looked 
each  other  in  the  face.  .Surely  we  might  say  the  same 
to  fossil  conchologists,  when  they  gravely  attempt  to 
ascertain  the  past  revolutions  of  the  globe,  by  the 
convolutions  of  a  shell. 

If  the  same  conchologists  were  interrogated,  re- 
specting the  power  which  the  ancient  inhabitant  of 
the  shell  might  possess  of  changing  its  stnicture 
when  placed  in  diflferent  circumstances,  thev  would 
be  compelled  to  confess  their  ignorance.  A  know- 
ledge of  fossil  shells  is  highly  useful  to  the  geologist 
i  where  the  superposition  of  strata  cannot  be 


THE  rOVBTH    KDITION. 


>^. 


named  ;  but  fossil  shells  alone*  fi^vc  as  less  posi- 
tive inlbmiatton  respecting  tlie  ancient  condition  of 
the  globe,  than  the  organic  remuiits  of  other  disses 
of  animals  or  of  vegetables  ;  because,  for  any  thinf; 
we  know  to  the  contrary,  all  the  species  of  oiolltis- 
cous  animals  that  inhabited  these  shells,  maj/  have 
been  capable  of  living  in  the  same  medium,  and  under 
the  same  conditions.  But  different  species  of  verte- 
brated  animals,  and  plants,  must  have  existed  under 
verj-  difierent  coiulitions,  on  land,  or  in  water. 
M.  BoiK^,  an  enliglitened  and  indefatigable  conti- 
nental geologist,  to  whose  labours  the  science  is 
greatly  indebted,  is  meritoriously  endeavouring  to 
resist  the  absurd  attempt,  to  force  Fossil  Concbology 
into  the  chair  of  Geology.  I  trust  his  example  will 
be  followed  by  English  geologists.  Indeed.  1  am 
convinced  that  many  of  the  frivolous  distinctions  in- 
troduced  by  conchologists  will  soon  pass  away,  as 
those  of  mineralogy  have  already  passed';  and  that 
iJiese  two  branches  of  natural  history,  will  take  their 
proper  stations  as  auxiliaries  subservient  to  geology. 

It  will  be  seen,  by  the  titles  to  the  new  chapters 
in  the  present  volume,  that  they  comprise  various 
subjects  connected  with  important  enquiries  relating 
to  tlie  Theory  of  tlie  Earth.  The  opinions  of  the 
"  ithor  have  not  been  rashly  advanced,  to  oppose  or 


*  See  the  end  of  the  Preface  to  the  tint  edition.  Some  of  the 
distinctions  in  Mineralogy,  on  which  most  important  i:oncliisimiB 
liave  been  fouudeil  respeeting  the  fomiBlian  of  rocks,  ore  now 
Icoimrii  til  be  erruneoiu :  msgnesian  minerals  were  all  suited  to 
be  uf  aqueous  origin.  Pjrroxene  (Augit)  was  considered  as  an  uii- 
eiTini;  criterion  of  igneous  proilucts,  and  to  be  ao  entirely  distinct 
ipccie*  from  Aniphibole  (Hurnbleode) :  they  are  now  proved  to 
be  idenltcal  niincrulB,  convertible  into  each  other,  according  to 
the  degree  of  temperature  under  which  they  ere  crystallised.  Ob- 
servations on  the  true  value  of  Fossil  CondioL  ■■■  ■  - 
XVII. 


e  value  of  Fossil  CondioU^  will  be  found  in 
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xnamtiur.  the  systems  of*  other  geologists:  they  are 
tn.  rrHKi]t:  o:  lonpr-continued  reflection,  on  what  ap^ 
^\£To,  rr  hin  ttir  mos:  probable  explanations  of  geo- 
Jn{«k«ii^i»ofifimrna.  The  author  wvs/iroAa&fe;  because 
t;  .--/»T>«iri:>-  :na-  rnr  vnnif:  tnith  and  certainty  cannot 
v..    ti    m.'partNr«^.    w.t:    mi  vantage  into  geological 

r^    w>tf^*    >«(tt«»Na^   Tto;    oxi^eneoiced  gedcgist^ 

^;^      kik«     ^iivwa.      ite^.    ^-ntiim    vitt    the  peTBsal,   to 

^wci    ^  ^>*f^*  "-'-  -       i    ^'»^-^    >i^  ^V:  find  that  the 

»^>w**^t«    t    nifMin^;!  ranges,  at  di& 
9s»*«vv'   o<«t4CMjT.r;«a^i.  ancwaspub- 

-* -s.  w i<^  5^  v^A*.     A'^   .\.?.:^    c*.':i:in    auvrunrsed  by 

\L    ^*x  -^   Si-w—.i-wUi-      "ic   'ifc>    iiir^:"    /r>>t:*"/IL  that 

^j^    ^^«iO^«.U    «X     -i»{5..^    .2^*i^^^>   -4M..   .*jUUiK*I^^^    vc&>loiig 

.X       '*!-■-    :vJC.»-u   .»  '..t>  %vi'!i  '^aa-  ~t:tmi>iixi«(i0  ia 

%^^  >42U^a  .u  liHf  Fruie)sfis«?r*$  preaof.  xi  ^jLznct 

V  -Jie  urvf^iic  work  5iKAxid  S?  rioGrtii  ^fifirjr^is^  of 
^»  cv^aiincuoucioo  ^ivea  bv  rre  Aoerjcxx  editor,  rf 

lihr  s£Uvkuc  w  JI  be  wuiiit&j:  tv>  naad^  ;uKi  dble  tt>  luh 


,ip^  rs  is^c^. 


fihlFT  OT 


^9)m  ^f  Piwfima    SiOmMt  Pf^aa>  m  tim    hlliflllil  wiflim^ 

ji> liu  nird BdilKm.  .  ,\,, 

TIk  Editor  berieves  ihai  he  is  performing  a  lervtcc  u  Itfa 
country,  hj  encouraging  the  rcpublicntion  of  a  work  i:ont|tlcuonB 
AraitractneiWM—for  fHrrcpiiruiiy — fornnyle  gvnmllj'  vipmiu 
■Klnrrect — often  eloquent  BiHlbcMitifot;  and  for  aoind^cnilcnce 
^•pint,  which  carrk-B  the  Author  atraiglil  forwnnl  to  hi*  object, 
cettainl)'  without  any  irrvilc  regard  to  previoui  fyitcma.  While 
Mlowiog  ihb  merited  cumnieiiilatian,  we  do  not  mean  to  lajr  ihat 
«« tMj  Mlopt  all  the  Author's  tlieorptJcal  viewi,  althoi^  moM  «t 
Am  Bpf>eaT  to  he  philosophicaJ  and  jwt,  and  Butnn  ai  than  «tt 
ptodtw)}-  happy. 

Speaking  in  the  character  of  a  puhlic  instructor  of  youth,  I  bc^ 
letre  to  add,  that  my  immediate  ntotive  for  rcconimendln);  the  re- 
JiiMicstion  was,  that  I  might  place  In  the  handi  nf  my  ow»  claMea, 
a  CoiuprehensiTc  treatise  on  geology,  which  they  would  bu  wiUing 
lo  rsMl  WmI  able  to  understand. 

|_ 

^^^Ai  btnimetiim  to  M*  Study  rf  .Wimmtlafff/,  by  J.  B.  AsImmO." 
Smavifriemd*  cf  (Ju  Author  of  die  prtanU  volume  /uive  tM/orattd 
him,  tkal  dtnf  wen  inducal,  lig  the  name.  In  purchanc  the  hook  i  he 
lierifbrt  tAiidit  it  tteet»tary  to  tliUr,  that  he  han  no  ronnwfion  with 
the  vriter  t^  that  kaok,  tiwi  ke  hiu  rtoMn  toMievt  that  the  name  wot 
— ■iiiiitf  ta  miiiead  the  /Mibiie, 
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HThr  First  and  Second  Editions  of  the  Introduction 
to  Geology  were  favourably  received,  and  sold  ofl; 
toon  after  their  publication.  The  work  has  since 
been  translated  and  published  in  Germany,  by  Mr. 
Frederick  Muller  of  Friburg ;  but  it  has  been  long 
out  of  print  in  this  country.  The  causes  which 
have  ret^ded  the  publication  of  a  Third  Edition 
i^  is  unnecessary  to  mention :  the  delay  has,  I  trust, 
been  favourable  to  its  appearance  in  a  very  improved 
state;  as  I  have  been  collecting  materials  for  it, 
during  several  years,  having  visited  almost  every 
situation  of  much  geological  interest  in  our  own 
island,  from  the  Land's  End  in  Cornwall,  to  the 
Grampian  Mountains  in  Scotland ;  and  passed  part 
of  three  years  in  examining  the  geology  of  Savoy, 
Switzerland,  and  France.  There  is  scarcely  a  rock 
formation  described  in  the  present  volume,  that  I 
have  not  examined  in  its  native  situation,  and  com* 

Eared  with  the  descriptions  of  former  geologists.  I 
ave  also  had  opportunities  of  examining  the  coilec» 
tions,  and  of  profiting  by  the  communications,  of 
some  of  the  most  eminent  geologists  on  the  Conti- 
nent 

While  engaged  in  these  pursuits,  I  have  not  been 
inattentive  to  the  labours  of  other  observers.  So 
numerous  and  interesting  are  the  discoveries  made 
in  geology  during  the  last  ten  years,  that  in  order  to 
present  a  concise  view  of  the  science  in  its  present 
advanced    state,    the   Introduction    to   Geology   has 
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been  recotnposcd,  and  all  the  Chapters  are  greatly 
enlai^eii. 

The  followinf^  new  Clmpters  have  been  added:  — 
Chap.  J  I.  On  Fossil  Or^nic  Remains.  Ctiap.  IV. 
On  the  Principles  of  Stratification.  Chap.  X.  A  Re- 
trospective Viewof  Geolofjical  Facts.  Chap.  XVIII. 
On  the  Destruction  of  Mountains ;  and  on  tlic  liones 
of  Land  Quadrupeds,  found  in  Diluvial  Depositions 
and  in  Caverns.  Chap.  XIX.  On  the  Formation  of 
L  «  Valleys;  and  on  Deludes  and  Denudations.  —  The 
BH^atea  are  new,  except  Plate  IV.  and  part  of  Plate  VII. 
^^Bk-  The  Outline  Map  of  the  GeoWy  of  Kn{a;land  and 
W  '  '  Wales,  was  I  believe,  when  published  in  the  First 
Edition  of  1818,  the  only  geological  map  of  Kngtand 
that  had  then  appeared.  It  presents  in  one  view  the 
grand  geolt^ical  divisions  of  the  country,  witliout 
delineating  tlio  different  strata  tn  each  division.  Mr. 
William  Smith  hits  since  published  a  map  of  the 
Geolt^y  of  England,  which  possesses  extraordinary 
merit,  —  when  it  is  considered  as  the  unaided  attempt 
of  one  person,  to  trace  the  course  of  eiich  rock  tbrm- 
ation  through  England  and  Wales.  Mr.  Grecnough, 
and  other  members  of  the  Geological  Society  of 
London,  have  subsequently  published  a  geological 
map  of  England  and  Wales.  TIuh  map,  from  the 
great  variety  of  its  useful  details  and  its  general 
correctness,  may  be  regarded  as  the  best  approxima- 
tion to  a  coni])lete  exhibition  of  the  geology  of  an 
extensive  country,  that  has  yet  appeared.  It  was 
thought,  however,  that  the  publication  of  my  M.Tp  in 
its  original  form,  (or  nearly  so,)  would  be  acceptable 
to  those  who  wished  to  gain  a  general  knowledge  of 
the  geology  of  their  own  country,  without  entering 
into  geological  details ;  and  that  it  would  also  serve 
as  a  useful  introtluction  to  tlie  study  of  the  above- 
mentioned  maps. 

In  the  course  of  the  present  work,  I  liave  frequently 
attempted  to  elucidate  the  geology  of  England,  by 
comparisons  with  situations  1  have  examined  on  the 
I  Continent,  in  order  to  connect  the  geology  of  our  '. 
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own  island,  with  that  of  France,  Switzerland,  and 
Savoy. 

By  comprising  the  numerous  facts  and  observations 
contained  in  the  present  volume,  within  the  limits 
of  an  elementary  work,  from  the  desire  to  be  concise, 
I  may  have  run  the  risk  of  becoming  obscure :  this  I 
have  studiously  endeavoured  to  avoid ;  my  chief  aim 
being  to  present  the  reader  with  a  system  of  Geology, 
which  shall  describe  and  explain  geological  pheno- 
mena in  a  clear  and  intelHgible  manner,  and  as  free 
from  technical  obscurity  as  the  nature  of  the  subject 
would  admit.  In  order  that  the  price  may  not  exceed 
that  of  the  last  Edition,  this  work  is  printed  in  a 
smaller  type.  For  any  errors  into  which  I  may  have 
inadvertently  fallen,  I  would  claim  the  candid  in- 
dulgence of  the  reader,  in  the  last  words  of  that 
distinguished  geologist  Horace  Benedict  de  Saussure, 
"  On  pent  4tre  utiles  sans  atteindre  a  la  perfection^* 
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Juf  tradiig  the  progress  of  knowledge,  we  may 
frequently  observe  that  the  cultivation  of  particular 
branches  of  science,  at  certain  periods,  was  deter- 
mined by  causes  which -had  little  connection  with 
their  intrinsic  utility.  Fashion,  caprice,  and  the 
authority  of  eminent  names,  govern  mankind  in 
philosophy,  as  well  as  on  all  other  subjects.  But^ 
independently  of  accidental  causes,  there  are  leading 
objects  in  the  universe,  which,  as  nations  advance  in 
civilisation,  seem  naturally  to  direct  their  attention 
to  certain  sciences  in  succession.  The  brilliancy  of 
the  sun,  moon,  and  planets,  their  various  motions, 
and  connection  with  the  changing  seasons,  would 
first  arrest  the  attention  of  the  rude  philosopher; 
nor  need  we  wonder  that  he  soon  began  to  regard 
them  as  endowed  with  life  and  intelligence,  and 
attributed  to  them  a  mysterious  power  over  human 
affiiirs:  thus  the  heavenly  orbs  became  the  objects 
of  religious  adoration ;  and  curiosity,  hope,  and  fear, 
lent  their  aid  to  the  early  cultivation  of  astronomy. 

Mathematics  and  mechanical  philosophy  are  so 
intimately  connected  with  astronomy  and  the  most 
useful  arts,  that  they  naturally  claimed  the  second 
place  among  the  early  sciences. 
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The  branches  of  philosophy  which  comprise  a 
knowledge  of  the  physical  qualities  of  matter,  or 
such  as  are  perceptible  by  the  senses,  follow  next; 
and  at  a  later  period,  chemical  philosophy,  or  that 
science  which  endeavours  to  ascertain  the  elementary 
substances,  of  which  ail  mateiial  objects  are  com- 
posed. In  the  order  of  succession,  mineralogy  and 
geology  are  the  last  of  the  natural  sciences ;  for 
though  an  accjuaintance  with  the  earth  is  more 
important  to  man,  than  a  knowledge  of  the  distant 
parts  of  the  universe,  yet,  previously  to  the  cultiva- 
tion of  the  other  sciences,  and  of  chemistry  in  par- 
ticular, our  knowledge  of  the  mineral  kingdom  could 
not  extend  much  beyond  that  of  the  rudest  periods. 
Thuswefind,  that  notwithstanding  the  precious  metals, 
and  many  of  the  mineral  treasures  which  the  earth 
contains,  have  been  the  objects  of  insatiable  cupidity 
in  every  age,  yet,  till  the  present  day,  almost  all  that 
was  known  of  mineralogy  was  confined  to  uneducated 
working  miners. 

In  looking  over  the  pages  of  history  we  may 
observe,  that  the  most  polished  nations  of  antiquity 
had  scarcely  advanced  beyond  a  limited  acquaintance 
with  astronomy,  geometry,  and  mechanical  philo- 
sophy. In  modern  Europe,  all  the  natural  sciences, 
geology  and  mineralogy  excepted,  have  been  success- 
fully cultivated,  and  their  progress  has  been  astonish- 
ingly rapid ;  but  till  about  the  middle  of  the  last 
century,  tlie  structure  of  the  earth  had  scarcely 
engaged  the  attention  of  philosophers.  Near  that 
time,  Lehman,  the  German,  first  observed  that  there 
are  certain  rocks  which  occupy  the  lowest  relative 
situation  in  different  countries,  and  that  these  rocks 
contain  no  organic  remains:  hence  he  gave  them  the 
name  of  primary,  and  established  a  division  between 
them  and  the  rocks  by  which  they  are  covered, 
iu  which  the  remains  of  animals  or  vegetables  fre- 
quently occur:  the  latter  he  called  secondary.  In 
our  own  country,  the  Reverend  J.  Michell  was  the 
first  person  who  appears  to  have  had  any  clear  views 
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actions,  1750.     About  twenty  years  atlerwards,  Mr. 

John  Whitehurst  pnbhsheil   his  "  Inquiry  into  tliu 

original  State  and  Fomiatiou  of  the   Earth."     ^{is 

obserration!)  were  principally  contiiied  to  the  rocks 

and    Htrata    of    Derbyshire.       Independently    of  it:t 

speculative  opinions,  this  work  was  highlv  valuable 

as  an  attempt  to  describe  tiiu  geology  ot'  a  district, 

from    actual    examination.      The   great    variety    ot' 

original    iiifbnnation    it    contained,  and    itn   general 

:umcy,  will  remain  a  lasting   monument  of  the 

Iter's  industry  and  abUity.     Mr.  Whitehurst,  how- 

'.T,  fell   into  the  same  error  with  the  celebrated 

'emer  in  Saxony,  an  error  to  which  the  first  culti- 

itors  of  gcolf^y  were  particularly  exposed,  —  that 

'drawing  general  conchKions  from  local  observatitHin, 

'  tbrming  universal  theories  from  a  limited  number 

facts. 

Though  Mr.  Whitehurst's  book  was  favourably 
eived,  yet  til!  the  beginning  of  the  present  century 
ilogical  pursuits  made  little  progress  in  Knglana. 
the  continent,  the  researches  of  Saussure,  Pallaa, 
'emer,  St.  Fond,  Dolomieu,  and  others,  had  before 
IS  time  produced  a  powerful  interest,  and  brought 
o  the  field  many  active  and  enHghlcncd  enquirers. 
le  first  general  impulse  given  to  the  public  taste, 
for  geological  investigations  in  this  country,  was 
produced  by  Professor  Playfair's  luminous  and  cto> 
quent  illustrations  of  the  Huttonian  theory.  The 
.ttading  feature  of  this  theory,  that  all  rocks  or  strata 
%mve  been  either  formed  or  consolidated  by  central 
aibterranean  fire,  was  very  wannly  opposeiii  and 
much  personal  animosity  and  many  adventitious  cir- 
cumstances were  associated  with  the  contest,  not 
highly  honourable  to  philosophy,  but  welt  calculated 
keep  ahve  the  attention  of  the  disputants  to  those 
ipearances  in  nature  which  favoured  or  opposed 
T  different  tlieories. 
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He  wlio  attempts  to  make  a  scientific  subject 
familiar,  runs  the  risk,  in  this  country,  of  being 
deemed  superficial:  a  plentiful  share  of  dullness, 
combined  with  a  certain  degree  of  technical  pre- 
cision, are  regarded  as  essential  proofs  of  profundity. 
By  prescriptive  right,  long  established  in  these  realms, 
dullness  and  pedantry  guard  the  portals  of  the  temple 
of  LScience,  and  command  those  who  enter,  to  avert 
their  eyes  from  whatever  can  elevate  the  imagination, 
or  warm  the  heart,  and  to  look  at  nature  through  a 
sheet  of  ice.  In  compliance  with  their  authority, 
writers  of  introductory  treatises  have  generally 
thought  it  necessary  to  avoid  that  felicity  in  the 
familiar  illustration  of  scientific  subjects,  so  conspicu- 
ous in  some  of  the  elementary  works  of  our  neigh- 
bours. Without  venturing  to  depart  too  far  from 
established  usage,  I  have  endeavoured  to  render 
geology  more  intelligible,  by  avoiding  as  much  as 
possible  theoretical  and  technical  language,  and  by 
introducing  a  simple  arrangement,  suited  to  the  pre- 
sent state  of  our  kimwledge.  The  local  illustrations 
from  various  parts  of  our  island,  with  the  drawings, 
sections,  and  map  in  the  present  volume,  will,  I  trust, 
facilitate  the  study  of  geology,  and  prove  particularly 
acceptable  to  those  who  are  entering  on  these 
enquiries:  at  the  same  time,  I  flatter  myself  with 
tlie  hope,  that  the  original  information  this  work 
contains,  respecting  the  geology  and  natural  history 
of  England,  will  secure  it  a  candid  reception.— 
Ediiwnof\8l3. 

Several  have  been  deterred  from  the  study  of 
geology  by  the  supposed  difliculty  of  learning  its 
attendant  science,  mineralogy ;  but  an  acquaintance 
with  the  nice  distinctions  made  by  many  modem 
mineralogists,  is  not  necessary  to  gain  a  knowledge 
of  the  structure  and  arrangement  of  the  great  masses 
of  matter  that  environ  the  globe,  nor  of  the  sub- 
stances of- which  they  arc  composed.  He  who  would 
gain  a  useful  knowledge  of  geology,  would  do  well 
'*o  provide  himself  with  specimens  of  common  rocks. 
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i  the  siinple  mirwrals  of  which  they  arc  compowd, 
exaoiLne  titcir  external  characters  and  physical 
lerties,  comparing  them  with  the  desi'riptiom 
■II  by  the  best  inincralopcal  writers.  I-'ortiinately 
these  subntonces  are  not  very  numerous,  and  he  may 
(without  present  inconvenience)  omit  the  more  rare 
crystal! Isation!^  and  varietiu)),  so  much  vahietl  by 
cabinet  philosophers;  for  liere,  as  in  many  other 
instances,  the  received  value  is  in  an  inverse  ratio  of 
the  utility.  The  pedantic  riamunclatiiro,  and  IHvoloiis 
distinctions  recently  introiluced  into  niineralofiy,  may 
gradfy  vanity  with  a  parade  of  knowledge;  but  thev 
are  unconnected  with  objects  of  real  utility,  or  witli 
any  enlarged  views  of  nature. 

On  hearing  the  various  names  which  mineralofriitbi 
give  to  the  same  substance,  and  oliserving  the  avidity 
with  which  each  new  name  is  seized,  as  if  it  convoyed 
a  hidden  charm,  the  uninitiated  might  suppose  that 
he  was  "journeying  in  the  land  of  Shinar,"  and  had 
fallen  in  company  with  a  set  of  masons  fresh  frrtm 
the  tower  of  Babel,  each  one  calling  the  same  »tonc 
by  a  different  name,  and  glor)'ing  in  his  absurdity, 
inich  frivoUties  disgust  men  of  sense  with  the  study 
of  an  important  and  interesting  science;  a  science 
that  has  for  its  immediate  object  the  structure  of  the 
planet  which  the  Author  of  nature  has  dcMtined  for 
our  abode,  and  an  acquaintance  with  the  situation  of 
its  various  mineral  productions,  subservient  to  the 
wants  or  enjoyments  of  man  in  civilised  society. 

The  advice  of  Cicero  to  the  cultivators  ot  moral 
science,  applies  with  peculiar  force  to  the  geologists 
and  mineralogists  of  the  present  day.  "  In  these 
natural  and  laudable  pursuits,  two  errors  are  par- 
ticularly to  be  avoided :  the  first,  not  to  confound 
those  things  of  which  we  are  ignorant  with  those 
we  know,  or  rashly  to  yield  our  assent  without  due 
investigation ;  the  second,  not  to  bestow  too  much 
labour  and  study  on  obscure,  intricate,  and  unprotit^ 
able  subjects." — "  In  hoc  genere  et  naturali  et  liuuesto 
.  duo  vitiavitanda  sunt:  unum,ne  incognita  pro  cognitis 
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habeamus,  hisque  temere  assentiamur  (quod  vitium 
effugere  qui  volet,  adhibebit  ad  considerandas  res  et 
tempus  et  diligentiam.)  Alterum  est  vitium,  quod 
quidam  nimis  magnum  studium  multamque  operam 
in  res  obscuras  atque  difiiciles  conferunt,  easdemque 
non  necessarias/'  —  Cic.  Qffic.  i.  6. 
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DESCRIPTION  OF  THE  PLATES. 


The  Frontispiece  is  a  bird's-eye  view  of  the  river  that  descends 
from  the  Falls  of  Niagpra  to  where  it  issues  from  the  channel 
which  it  has  excavated,  into  the  plain  at  Queen  Town.  The  dis- 
tant country  extending  to  Lake  Erie  is  introduced,  to  represent 
the  physical  structure  of  the  country.     See  pp.  315 — 317. 

Plate  I. 

Figs.  1,  2,  3,  4,  5,  6.  Illustrations  of  plane  and  curved  stratifica- 
tion.    (See  Chap.  IV.) 

Plate  II. 

Fig.  1.  Overlapping  strata  with  straight  edges. 

Fig.  5.  Overlapping  strata  with  curved  edges. 

Fig.  2.  Structure  of  a  part  of  the  Alps,  representing  the  beds, 
nearly  vertical,  that  approach  the  central  range,  and  the 
bended  stratification  of  the  outer  ranges.  The  dotted 
lines  represent  the  supposed  extension  of  the  beds  at  the 
period  of  their  elevation ;  d  dy  granite  and  mica-slate ; 
c  Cj  beds  of  soft  slate ;  b  c^b  a  a,  beds  of  secondary  lime- 
stone, sandstone,  and  conglomerate \  xy  z  represent  the 
arched  stratification  of  the  outer  ranges. 

Fig.  4.  A  section  representing  the  arrangement  of  the  rocks  and 
strata  at  Charnwood  Forest,  in  Leicestershire,  from  the 
manor  of  Whitwick,  to  near  Barrow-on-Soar.  In  this 
section  the  proportions  of  distance  are  disregarded,  in 
order  to  bring  the  diiferent  rock  formations  within  the 
space  of  the  plate,  a  a  Oy  stratified  red  sandstone ; 
b  b,  rocks  of  granite,  sienite,  and  porphyry ;  c  c,  slate- 
rocks  of  Swithland  quarry,  the  beds  much  elevated; 
d  d,  coal  strata,  rising  towards  the  granitic  and  slate- 
rocks  ;  e,  lias,  covering  the  red  marl  at  Barrow :  the  ele- 
vated strata  out  of  the  line  of  section  on  the  lefl  hand 
side  of  the  plate,  represent  limestone  rocks  of  Clouds 
Hill  and  Breedon.  It  is  obvious  from  this  arrangement, 
that  the  strata  of  sandstone  a  a  a  were  deposited  upon 
the  slate-rocks  and  granite,  afler  the  beds  had  been  raised 
into  their  present  position :  whereas  in  fig.  2.  the  beds  a  a 
have  evidently  been  deposited  before  the  beds  of  granite 
in  the  Alps  were  elevated ;  and  as  these  beds  aoybab,  are 
of  more  recent  formation  than  the  sandstone  a  a  in  fig,  4., 
their  position  proves  decidedly,  that  the  beds  of  granite 
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in  the  Alps  were  elevated  after  the  beds  of  granite  and 

slate  in  Leicestershire.    (See  491,  492.) 
Fig.  3.  A  granite  vein  in  slate. 
Fig.  6.  The  remaining  portion  of  a  thick  bed  of  limestone*  forming 

an  isolated  mass  6  on  a  mountain  in  Savoy,   a  a,   the 

former  extent  of  the  bed ;  c  c,  a  bed  of  soft  sandstone. 

Plate  IIL 

Fig.  1.  The  conformable  position  of  rocks,  a,  granite ;  6,  gneiss ; 
Cy  mica-slate ;  d  d,  slate ;  x  x^M  subordinate  bed  of  lime- 
stone in  slate ;  2,  a  bed  of  conglomerate ;  e  e,  transition 
limestone  and  greywacke ;   w  w,  coal  strata. 

Hg.  2.  A,  unconformable  massive  rocks ;  a  thick  bed  of  porphyry 
or  basalt  c  c,  covering  the  transition  rocks  1,  2,  8,  and 
dykes  of  porphyry  or  basalt  intersecting  traniiition  rocks. 
—  N.B.  llie  porphyry  at  Christiania,  m  Norway,  occurs 
in  this  position;  the  lower  part  of  it  is  amygdaloidal 
basalt;  tne  middle  part  is  porphyritic,  which  passes  in 
the  upper  to  beautiful  sienite  and  common  granite.  (See 
page  191.)  The  rocks  b,  on  the  right,  represent  the  three 
mmies  of  basalt:  a  columnar  bed  </,  witn  a  vertical  dyke 
of  basalt,  and  beds  of  interposed  basalt ;  6  is  an  isolated 
cap  of  columnar  basalt. 

Fig.  3.  Unconformable  strata  of  sandstone,  covering  coal  strata  on 
the  side  of  the  dip  b,  and  on  the  side  of  the  rise  d.  (See 
page  179.) 

Fig.  4.  A  section  of  the  strata  near  Dudley,  StaflTordshirc.  a, 
\Vren*8  Nest  Hill ;  tlie  two  beds  of  limestone  are  folded 
round  the  hill,  as  represented  in  the  small  compartment 
B,  which  is  an  horizontal  section  of  the  two  l>eds  of  lime- 
stone a,  b ;  the  thirty  feet  bed  of  Staflbrdshire  cmil  c  is 
seen  cropping  out  near  the  foot  of  Wren's  Nest  Hill; 
B,  the  arrangement  of  the  limestone  strata  at  Dudley 
Castle  Hill ;  d,  a  hill  capped  with  basalt.  In  this  section 
the  proportion  of  distance  has  been  disregarded,  for  the 
same  reason  as  in  Plate  H.  fig.  4. 

Plate  IV. 

Fig.  1.  Arrangement  of  the  strata  from  Sheffield,  in  Yorkshire,  to 
Castleton,  in  Derbyshire.     (See  j>age  72.) 

Fig.  2.  Coal  strata,  arranged  in  basin-sha[)ed  concavitieSf  and  inter- 
sected by  a  fault.     (See  page  153.) 

Fig.  3.  Coal  strata  thrown  up  by  u  broad  dyte.    (SeeCliap.  VIH.) 

Fig.  4.  Metallic  veins,  a  o,  a  vein  divided  by  the  vein  ft  b;  c  r,  a 
pipe  vein. 

Fig.  5.  Metallic  veins  in  limestone,  cut  through  by  toadstone. 

Plate  V. 
The  gigantic  Trilobite,  and  two  smaller  species. 
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Plate  VI. 

Map  of  the  geology  of  England  and  Wales,  and  a  section  of  the 
Vale  of  Thames. 

Plate  VII. 

A  section  of  England  through  Durham  and  Cumberland ;  a  group 
of  columnar  trap  rocks,  Cader  Idrls ;  sections  of  ground 
plans  of  metallic  veins,  &c. 

Plate  Vlll. 

Living  illustrations  of  fossil  conchology:  — 
Fig.    1.  (Juttlc-fish,  or  Sepia. 

2.  Beak  of  a  Sepia. 

S.  The  Nautilus  Porapilius  and  its  shell. 

4.  A  Scaphite. 

5.  A  Hamite. 

fi,  Cornu  Ammonis,  or  ammonite. 

7.  Indented  partitions  of  an  ammonite. 

8.  Baculite. 

9.  Bclcmnite, 

10.  Turrilite. 

11.  Spirula. 

\2,  Orthoccratite. 

IS,  Nummulite. 

14.  Ilippuritc. 

l!),  llie  animal  and  shell  of  a  Buccinum. 

1().  Animal  and  shell  of  a  Bucardium. 

17.  A  living  Pentacrinus. 

18.  The  mouth  ond  excretory  organ  of  the  Pentacrinus. 


Wood-Cuts. 

VIgnrtto  of  the  Vallev  of  Sixt,  in  Savoy.    (See  the  Title  Page.) 

Hlnillllrd  luul  unHtratified  limestone  at  Clouds  Hill      -  Page  133 

A  ri'htid  Mnitlflcat  ion  of  Crich  Cliff,  Derbyshire        -  -  141 

llMNnhic  dvkn  expanded  on  the  surface      -  -  -  201 
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PRELIMINARY  OBSERVATIONS 

ON      THE     OBJECTS     CONTAINED      IN      PLATE  VlII^     ENTITLED 
"  LIVING  ILLUSTRATIONS  OF  FOSSIL  CONCHOLOGY,"  ETC. 

Af  AN,  when  he  becomes  the  historian  oFthe  animal  kingdom, 
generally  considers  his  own  structure  as  a  ty})e  of  the  most 
perfect  organisation;  and  regards  those  animals  that  depart 
the  most  from  this  type,  and  have  the  smallest  number  of 
organs  and  senses,  as  the  least  perfect.  Strictly  speaking, 
every  animal  is  perfect,  that  is,  so  organised  as  to  answer  the 
purposes  for  which  it  was  created  :  yet  with  reference  to  our- 
selves, we  may,  without  much  impropriety  of  language,  call 
those  animals  which  have  the  smallest  number  of  organs  and 
senses,  the  most  imperfect.  The  very  earliest  inhabitants  of  the 
ancient  world  appear  chiefly  to  have  belonged  to  those  orders 
of  imperfect  animals,  that  had  little  power  of  locomotion,  and 
few  organs  of  sense :  many  of  them  were  without  heads  or 
eyes,  and  were,  like  the  oyster,  confined  in  shells,  which  they 
could  merely  open  and  close.  Of  these  there  were  such 
immense  multitudes,  that  calcareous  mountains  of  vast  mag- 
nitude and  extent,  are  sometimes  chiefly  composed  of  their 
remains. 

From  what  we  see  of  the  present  animal  creation,  we  have 
reason  to  believe,  that  creatures  of  every  species,  when  free, 
and  provided  with  the  aliment  they  require,  derive  pleasure 
irom  the  very  action  of  their  organs,  and  from  existence  itself. 
Of  the  kind  or  extent  of  the  happiness  enjoyed  by  a  creature 
enveloped  in  darkness,  and  without  head,  heart,  or  eves,  or 
the  power  of  removing  its  habitation,  we  can,  however,  u)rm  no 
idea ;  yet  for  any  thing  we  know  to  the  contrary,  the  inhabitant 
of  a  bivalve  shell,  may  be  far  happier,  than  the  monk  immured 
in  his  stony  cell,  or  than  other  individuals  of  the  highest  order 
—  Man  —  who,  however  perfect  their  physical  organisation, 
make  but  little  use  of  the  intellectual  and  mural  organs,  figu- 
rativelv  called  the  head  and  the  heart. 

Dr.  Paley,  in  his  •'  Natural  Theology,"  has  some  beautiful 
reflections  on  the  apparent  happiness  enjoyed  by  shoals  of 
young  shrimps,  that  were  bounding  into  the  nir  fro;n  the 
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shallow  margin  of  the  water,  or  from  wet  sand.  He  ob- 
serves: ^^  If  any  motion  of  a  mute  animal  could  express 
delight,  it  was  this."  We  cannot  take  cognisance  of  the  actions 
of  creatures  enclosed  in  bivalve  shells ;  but  a  distinguished 
philosopher  was  so  fully  convinced  of  the  happiness  enjoyed 
by  testaceous  animals,  that  he  calls  calcareous  mountains, 
filled  with  their  remains,  "  monuments  of  the  felicity  of  past 
ages." 

It  is  with  a  view  to  excite  the  curiosity  of  the  geological 
student,  and  to  direct  his  attention  to  something  beside  the 
external  form  of  shells,  that  I  offer  the  following  observations, 
and  not  with  the  design  to  teach  fossil  conchology,  which  the 
limits  of  the  present  volume  would  not  admit  of. 

The  reader  who  is  entirely  unacquainted  with  conchology 
may  form  some  general  idea  of  a  shell,  if  he  be  told  that  it  is 
univalve,  like  a  snail  or  a  perriwinkle ;  or  bivalve,  like  the 
muscle  or  cockle. 

There  are,  however,  numerous  fossil  bodies  classed  with 
shells,  of  which  the  general  reader  can  form  no  notion  what- 
ever from  the  names; — such  are  the  orthoceratite,  the  scaphite, 
&c.  These  are  called  chambered  shells,  from  their  being 
divided  by  partitions  into  numerous  narrow  cells  or  chambers. 
A  tube,  called  a  siphunculus,  passes  through  the  series  of 
chambers.  In  all  probability,  this  tube  enabled  the  animal  to 
rise  from  great  depths  of  the  ocean  to  the  surface,  by  exhaust- 
ingthe  water  from  the  chambers,  and  filling  them  with  air. 

Till  within  the  last  few  years,  these  chambered  shells  have 
been  considered  as  the  habitation  of  marine  animals,  like  the 
bivalve  and  univalve  shells ;  but  a  little  reflection  may  con- 
vince us,  that  the  chambers  were  much  too  small  to  contain 
the  animal,  nor  could  the  animal  possibly  pass  from  one  cham- 
ber to  another.  There  is,  however,  one  living  species,  in 
which  the  outward  cell  or  chamber  is  so  much  larger  than  the 
rest,  that  there  is  suflicient  space  to  contain  a  great  part  of 
the  animal.  This  is  the  nautilus  pompilius,  an  inhabitant  of 
the  Indian  Ocean.  (See  Plate  VIII.,  fig.  3.,  which  repre- 
sents the  animal  collapsed  in  the  last,  or  open  chamber  of 
the  shell.) 

The  animals  belonging  to  the  different  chambered  shells 
were  molluscous.  (See  Chap.  II.)  They  are  called  by  Cuvier 
Cephalopodes,  because  the  organs  of  motion  are  placed  round 
the  head,  and  they  walk  with  their  heads  downwards.  The 
living  species  of  cephalopodes  are  for  the  most  part  without 
any  external  shell ;  but  some  have  an  internal  hard  substance 
without  chambers,  of  which  the  cuttle-fish  bone  afibrds  a 
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familiar  example.  This  is  taken  out  of  the  body  or  sac 
of  the  animal  —  the  sepia  oflScinalis,  which  is  common  on  our 
coasts. 

The  general  character  of  the  cephalopodes,  as  given  by 
Cuvier  in  his  Regne  Animal^  torn,  iii.,  is,  *^  that  the  mantle  or 
cloak  is  united  under  the  body  of  the  animal,  and  forms  a 
muscular  sac,  which  envelopes  all  the  viscera.  The  head 
projects  from  the  opening  of  the  sae ;  it  is  round,  and  has  two 
large  eyes,  and  is  surrounded  [couronnee)  by  fleshy  arms  or  feet, 
which  are  conical,  and  vary  in  length  in  diff*erent  species. 
These  arms  bend  in  every  direction,  and  are  exceedingly 

Eowerful.  On  the  surface  of  these  arms  are  numerous  suckers, 
y  which  the  animal  fixes  itself  strongly  to  the  bodies  that  it 
seizes  and  enfolds.  These  arms  serve  the  animal  both  to 
seize  its  prey,  to  walk,  or  to  swim.  It  walks  in  every  direction, 
having  the  head  below,  and  the  body  above.  At  the  base  of 
the  arms  is  the  mouth,  which  is  provided  with  two  strong  jaws 
resembling  the  beak  of  a  parrot,  and  also  with  a  fleshy  gizzard 
like  that  of  a  bird. 

**  Most  of  these  animals,  when  pursued,  excrete  a  particular 
black  liquor,  which  darkens  the  water,  and  conceals  them  from 
their  enemies.  There  is  a  fleshy  funnel  placed  near  the  neck, 
which  serves  the  animal  for  its  excretions,  and  also  to  eject  the 
water  that  it  absorbs  for  the  purpose  of  respiration.  They 
are  of  two  sexex,  and  are  voracious  and  cruel :  as  they  have 
great  agility  in  seizing  their  prey^  they  destroy  multitudes  of 
fish  and  crustaceous  animals."  The  fleshy  funnel,  or  excret- 
ing organ,  is  not  seen  in  fig.  1.,  being  placed  on  the  under 
side;  but  in  fig.  3.,  the  projecting  organ  below  the  tentacula 
is  the  funnel.  The  sepia  has  the  power  of  contracting  its  arms; 
and  in  some  species  the  arms  are  much  shorter  than  repre- 
sented in  the  plate,  fig.  1.,  but  these  have,  besides,  two  ex- 
tremely long  arms  or  feelers.  If  the  accounts  of  voyagers 
could  be  relied  upon,  there  are  sepia  in  the  Indian  Ocean 
with  arms  nine  fathoms  in  length,  ami  so  large  that  their  sac 
would  contain  the  body  of  an  elephant.  The  flesh  of  the 
sepia  was  esteemed  a  great  luxury  by  the  ancients.  In 
Plate  VIII.,  fig.  1.  is  the  sepia  octopedia,  an  inhabitant  of 
the  British  seas.  Fig.  2.  is  the  beak  of  a  species  of  sepia, 
the  calmar;  these  are  found  fossil,  and  arc  called  Ilhyn- 
colites.  Fig.  3.  is  the  nautilus  pompilius  or  pearly  nautilus. 
Great  uncertainty  prevailed  respecting  the  true  character 
of  the  nautilus,  which  has  been  removed  by  a  scientific 
examination  of  the  body  of  one  of  these  animals  caught  by 
George  Bennet,  Esq.,  and  of  which  an  interesting  account  has 
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been  recently  published  by  Mr.  Richard  Owen,  illustrated  by 
beautiful  engravings.  It  should  appear  from  Mr.  Owen's 
account,  that  the  organisation  of  this  animal  is  in  many 
respects  less  perfect  than  that  of  several  species  of  sepia  that 
have  no  external  cell :  it  had  ninety-two  arms  or  tentaculae. 
Fig.  3.  is  taken  from  Mr.  Owen's  first  plate,  but  greatly 
reduced ;  it  is  chiefly  intended  to  show  the  position  of  the 
animal  in  the  shell.  It  is  a  section  representing  the  interior  of 
the  shell  divided  into  chambers,  and  the  siphunculus  passing 
through  them.  The  nautilus  pompilius  is  not  uncommon  as 
a  fossil  shell.  It  may  be  seen  both  recent  and  fossil  in  most 
museums.  We  shall  now  proceed  to  notice  the  principal 
genera  of  chambered  shells,  not  in  the  numerical  order  of  the 
plate,  but  as  they  approach  the  nearest  to  the  form  of  the 
nautilus.* 

The SPIRULA  (fig.  II.)  is  both  a  recent  and  a  fossil  shell :  the 
turns  or  whorls  of  the  shell  do  not  touch.  The  spirula  is  an 
inhabitant  of  tropical  seas ;  the  animal  resembles  that  species 
of  sepia  called  the  seiche  or  common  sepia.  The  shell  is 
almost  entirely  inclosed  in  the  sac.  Indeed,  it  appears  from 
its  structure,  that  the  animal  could  not  be  contained  within 
the  outer  cell. 

The  AMMONITE  (fig.  6.)  of  which  there  are  numerous  species, 
differs  greatly  from  the  chambered  nautilus,  the  whorls  or 
turns  being  all  distinct,  and  in  the  same  plane,  and  the  cells 
are  very  small.  The  siphunculus  is  placed  near  the  outer 
edge  of  the  shell.  In  many  species,  the  cells  are  divided  by 
indented  partitions,  as  represented  in  fig.  7. :  in  other  species 
the  cells  are  undulated.  Some  ammonites  in  the  vicinity  of 
Bath  are  eighteen  inches  or  more  in  diameter.  The  shell 
must  have  been  internal,  and  the  animal  that  contained  it  very 
large.  Ammonites,  though  so  abundant  in  the  secondary 
strata,  have  not  been  found  in  a  recent  state,  except  the 
account  can  be  relied  upon,  of  their  having  been  discovered 
in  the  Pacific  Ocean. 

The  scAPHiTE  resembles  an  ammonite  partly  unrolled.  A 
very  remarkable  specimen  of  one  recently  discovered  in 
France  is  represented  fig.  4.  It  is  not  improbable,  that  many 
internal  shells  were  composed  rather  of  a  corneous  substance 
than  of  shell,  and  were  capable  of  being  coiled  or  folded  by 
the  will  of  the  animal. 

Fig.  8.  is  a  straight  chambered  shell  called  a  baculite. 

*  The  animal  that  inhabits  the  thin  open  shell  called  the  paper  nau- 
tilus, but  more  properly  the  argonota,  is  also  a  species  of  sepia:  it  is 
common  in  the  Meiiiterrancan.     It  is  very  rarely  found  fossil. 
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Fig.  12.,  the  orthoceratite,  is  a  straight  chambered 
shell  resembling  ammonites  unrolled,  but  the  cells  are  divided 
by  concave  partitions,  as  in  the  nautilus.  Some  orthoceratites 
are  two  or  more  feet  in  length:  the  animal  that  contained 
them  must  have  been  of  vast  size.  Orthoceratites  are  the 
most  ancient  of  fossil  chambered  shells,  and  are  chiefly  found 
in  transition  limestone. 

Fig.  9.  The  Belemnite  is  a  taper  straight  shell,  with  an 
internal  chambered  cone.  In  some  species  there  is  no 
chambered  cone.  This  unchambered  internal  shell  may 
have  performed  the  same  office  as  the  internal  bone  of  the 
sepia  officinalis,  or  cuttle-fish.  It  is  deserving  notice,  that 
the  coat  of  the  belenmite,  when  slightly  burnt,  yields  the 
odour  of  burnt  horn,  which  tends  to  confirm  the  supposition 
that  internal  shells  were  corneous  substances. 

Fig.  13.  The  Nummulite,  (so  called  from  its  resemblance 
to  a  small  Roman  coin)  has  nearly  a  flat  or  lenticular  form.  It 
has  within  it  a  cavity,  divided  by  partitions  into  numerous 
small  cells,  but  without  a  syphon  or  siphunculus;  part  of  the 
outside  of  the  shell  is  removed  in  the  figure,  to  show  the 
internal  chambered  structure.  Whether  the  animal  belonged 
to  the  genus  Sepia  is  not  known. 

This  little  fossil  forms  entire  calcareous  hills  and  immense 
beds  of  buildin^r  slone  in  some  countries.  **  It  is  of  stone 
composed  of  these  shells  that  the  Pyramids  of  Egypt  are 
constructed."     Cuvier,  lie^^ue  Animal. 

All  the  above  genera  of  chambered  shells,  with  the  exception 
of  the  Nautilus  and  Spirula,  are  fossil. 

We  come  now  to  other  orders  of  molluscous  animals,  whose 
organisation  is  less  complex,  and  their  powers  of  motion  more 
limited,  than  in  the  cephalopodes.  These  are  the  inhabitants 
of  bivalve  and  univalve  shells.  The  first  are  called  by  Cuvier 
Acephalous,  being  without  heads.  Of  these  the  oyster  oflers 
the  most  familiar  example.  Most  of  the  species  are  perma- 
nently attached  to  rocks,  and  have  no  member  to  protrude 
beyond  the  shell.  Those  species  of  the  oyster  family  that  are 
not  attached  permanently,  can  only  move  by  driving  out  the 
water,  as  they  suddenly  shut  the  valves  of  the  shell.  Species 
of  other  genera  of  bivalves,  though  without  heads,  possess  the 
power  of  locomotion. 

Fig.  16.  represents  the  animal  and  shell  of  a  Bucardium. 

This  animal  puts  out  a  triangular  body,  formed  of  two 
pipes  or  tubes,  separated  and  flat,  but  which  become  round 
as  the  water  enters  by  the  lower  tube,  and  goes  out  at  the 
upper  one.     The  tubes  are  surrounded  with  hairs.     When 

I) 
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the  animal  is  disturbed,  or  hears  a  noise,  it  throws  out  water 
to  the  distance  of  a  foot.  When  it  wishes  to  change  its 
quarters  it  protrudes  a  long  foot,  and  seeks,  with  the  further 
end  of  it,  some  object  or  point  of  support,  to  which  it  fixes  it ; 
the  animal  then  draws  back  its  shell  about  two  inches  at  a 
time,  till  it  has  attained  or  reached  ihe  spot  where  it  desires 
to  abide.  Cuvier  regards  one  of  the  tubes  as  suited  for 
respiration  by  the  absorption  of  water,  and  the  other  for  its 
excretions.  He  further  states,  that  bivalves  which  have  these 
tubes  live  buried  in  mud  or  sand. 

The  animals  inhabiting  univalve  shells  are  chiefly  classed 
by  Cuvier  as  Gasteropodes,  from  their  moving  in  their 
stomachs  like  snails.  In  most  species  of  univalves,  the 
animal  has  a  head  with  two  eyes,  and  a  trunk  resembling  the 
trunk  of  an  elephant;  with  this  trunk  it  seizes  its  food;  and 
in  some  species  the  trunk  is  used  for  piercing  other  shells* 
The  animal  crawls  upon  a  fleshy  foot,  near  the  end  of  which 
there  is  a  horny  substance  called  an  operculum,  that  serves  as 
a  door  to  close  the  shell,  when  the  animal  withdraws  into  it. 
In  many  species  of  univalves,  the  animal  can  fold  the  mantle 
so  as  to  form  a  tube  which  protrudes  into  the  water,  while  the 
head  and  foot  remain  in  the  shell.  Some  species  of  univalves 
are  carnivorous,  others  are  herbivorous,  and  the  nature  of 
their  food  determines  their  residence  either  near  the  shore  or 
in  deep  water. 

Fig.  15.  represents  the  shell  and  animal  of  a  species  of 
Buccinum,  which  agrees  with .  the  above  description  of  the 
inhabitants  of  univalve  shells.  The  foot  on  which  it  crawls 
is  on  the  left  hand,  with  the  oval  operculum  near  the  end  of 
it.  On  the  right  hand  of  the  figure,  at  the  top,  the  mantle  is 
represented  folded,  to  form  a  tube,  as  above  described. 

In  some  species,  both  of  bivalve  and  univalve  shells,  the 
animals  depart  considerably  from  the  general  character  of  the 
class  to  which  they  belong.  There  are  some  bivalves  which 
have  the  cavities  of  the  shells  divided  by  partitions,  the  uses 
of  which  are  not  known  ;  and  some  univalves  have  an  appa- 
ratus for  swimming  on  the  surface  of  the  water. 

The  Hippurite,  a  remarkable  fossil  bivalve,  with  a  deep 
conical  under  shell,  and  a  flat  lid,  is  represented  fig.  14.  It 
is  classed  by  Cuvier  with  the  oyster  family ;  and,  by  Parkin- 
son, with  chambered  shells.  The  nature  of  the  animal  is 
unknown.  The  shell  is  divided  by  transverse  septa,  or  par- 
titions, on  which  account  Mr.  Parkinson  places  it  among 
other  species  of  chambered  fossils.  The  existence  of  a  lid 
seems  to  prove,  that  it  was  not  an   internal  shell,  but  the 
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ItiiUilitiion  of  tlie  animal.     A  fossil  hippuri(c  has  recently  been 
found  in  the  clialk  hills  of  Sussex,  by  Mr.  Mantel]. 

The  Jantliina  is  a  beautiful  purple-coloured  univalve  shell, 
nearly  reseml>l!ng  in  form  the  snail :  I^marck  discovered,  that 
it  could  not  crawl  on  its  foot,  but  that  the  foot  its  covered 
with  air  bladders,  which  enable  the  animal  to  rise  and  swim 
on  ihe  surface  of  ibe  water.  The  janthina  is  common  in  the 
Medilernmean ;  wlien  touched,  it  excretes  a  deep  purple 
liquor,  which  liiigcs  Uie  surrounding  water.  (Cuvter,  R.  A. 
torn,  iii.)  Tliere  are  other  animals  occupying  univalve  shells, 
Uiat  have  the  power  uf  swinmiing.  The  Lymnea  stagnalis, 
an  inhabitant  of  ponds,  swims  on  the  surface  of  the  water  in  a 
reversed  position.  It  descends  by  compressing  itself  within 
tiie  shell,  and  expelling  the  air,  and  thus  sinks  immediately  to 
tlie  bottom.  Mr.  Parkinson  rightly  conjectures,  that  llie 
shells  resembling  the  Helix,  or  snail,  in  the  older  strata,  were 
constituted  for  swimming,  like  the  janthina :  they  could 
scarcely  have  used  a  foot  for  crawling,  at  the  bottom  of  a  deep 
an<l  ngitaled  ocean. 

\\'e  conie  now  to  anotlier  divbion  of  the  animal  kingdom, 
culled  by  Cuvier  Itadialed.  See  Chap.  II.  Some  of  the 
animals  comprised  in  this  division  have  lell  abundant  remains 
in  the  fossil  stale,  particularly  the  encrinite  and  the  penta- 
crioite.  lliese  animuls  had  a  stem,  composed  of  numerous 
plates,  and  terminating  in  branches  surrounding  the  mouth, 
resembling  the  stem  and  hranchex  of  a  vegetable.  Both  thebe 
species  were  supposed  to  be  extinct;  but  a  living  pentacrinus 
has  been  diM:o*ercd  in  the  West  Indies  and  a  smaller  species, 
more  recently,  in  the  Cove  of  Cork.  This  has  been  described 
by  Mr.  J.  V.  Thompson,  of  Cork.  A  drawing  of  tills  animal, 
taken  by  Mr.  Tliompson,  issiven  (Plate  VI II.  fig,  17.)  A  cut 
«r  a  remarkable  species  ol  fossil  encrinite  is  given,  p.  240. : 
it  is  named  the  Lily  Encrinite,  because  the  nnns,  when 
folded,  resemble  the  head  of  the  lily.  Indeed,  the  whole  class 
of  encrinites  and  pentacrinites  are  called  crinoitlea,  from  krinon, 
tlie  hly,  by  Mr.  Millar,  in  his  valuable  work  on  diese  fossils. 
The  arms  of  part  of  u  Briareaii  peiitacrinite  are  represented, 
p.  26*. 

In  the  encrinite,  the  stem  is  composed  of  numerous  round 
plates,  or  vertebra?;  the  branches  nre  also  com{X)sed  of  nu- 
merous smaller,  but  similar  phites,  as  may  be  seen  by  refer- 
ring to  fig.  17.  and  the  cuts.  The  peiitacrinite  differed  from 
the  encrinite  by  the  plates,  or  vertebrie,  of  the  stem  and 
branches  being  pentagonnl.  The  stems  of  both  were  attached 
to  rocks.  Tliey  appear,  likevnrions  pollpi,  to  have  increased 
tlirowing  out  lateral  sICTiis  (see  the  above  fig  )-     The  cid- 
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careous  vertebrae  that  formed  the  stem  and  branches,  were 
enveloped  by  a  thin  coat  of  animal  matter,  which  must  have 
possessed  great  muscular  power,  to  have  enabled  the  animal 
to  move  its  arms  with  great  facility,  when  seizing  its  prey. 

In  fig.  17*  the  expanded  arms  of  the  upper  head  of  the  pen- 
tacrinus  expose  the  pentagonal  aperture  or  mouth  in  the 
centre ;  and  a  little  above  this  is  a  round  tube  or  aperture, 
which  serves  for  the  excretion  of  the  faeces.  In  fig.  18.,  which 
is  a  head  with  the  arms  removed,  it  will  be  seen,  that  the  ex- 
creting tube  projects  a  little  above  the  mouth.  One  head  of 
the  pentacrinus  is  represented  as  folded,  and  another  as  partly 
collapsed.  As  these  animals  were  enveloped  in  a  thin  fleshy 
covering,  their  calcareous  remains  may  be  regarded  as  por- 
tions of  the  skeleton.  Some  beds  of  mountain  limestone,  in 
Derbyshire,  are  almost  entirely  composed  of  broken  stems 
and  branches  of  encrinites,  not  uncommonly  called  entro- 
cbites.  In  a  part  of  this  work  it  was  stated,  on  the  authority 
of  a  letter  sent  to  the  Author,  that  the  Lily  Encrinite  had 
been  discovered  in  Ireland ;  but  the  cut  subsequently  given 
of  it  in  Mr.  Loudon's  Magazine  of  Natural  Historij,  makes  it 
doubtful,  whether  it  is  the  true  Lily  Encrinite,  or  a  species 
nearly  resembling  it. 

The  Author  cannot  conclude  these  remarks,  without  ex- 
pressing a  wish,  that  scientific  voyagers,  and  medical  gentle- 
men, who  visit  tropical  seas,  would  carefully  examine  the 
different  species  of  sepia  that  may  be  caught  It  is  probable, 
that  there  are  living  species,  with  internal  chambered  shells, 
resembling  more  or  less  the  figures  in  plate  VIII.  Cuvier  says, 
that  a  little  change  in  the  structure  of  the  oval  internal  shell 
of  the  cuttle  fish,  would  convert  it  into  the  internal  chambered 
shell  of  the  spirula.  It  was  with  a  view  to  excite  the  curiosity 
of  voyagers,  when  near  the  coast  of  North  America,  that  the 
Author  has  suggested  the  possibility  of  the  ichthyosaurus  visit- 
ing those  seas,  p.  312.  Cuvier  too  hastily  conjectured  that 
no  new  living  species  of  large  terrestrial  quadrupeds  remained 
to  be  discovered.  The  gigantic  tapir  and  new  species  of 
elephants  have  since  been  discovered  in  India.  Tlie  Author 
considers  it  far  from  improbable,  that  the  great  mastodon  may 
exist  in  some  of  the  unexplored  recesses  on  the  western  side 
of  North  America ;  and  he  would  particularly  recommend 
comparative  anatomists  to  examine  the  structure  of  the  Grisly 
bear,  and  compare  it  with  the  skeleton  of  the  cavern  bear, 
(ursus  speloeus.)  When  Cuvier  published  the  last  edition  of  his 
Regne  Ariimalj  in  1829,  he  does  not  appear  to  have  known 
anything  respecting  the  Grisly  bear. 
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CHAPTER  1. 

OUecU  of  the  Science  denominated  Geology.  —  The  Shape  and 
Density  of  the  Earth.  —  Opinions  respecting  the  internal  Parts 
of  the  Globe.  —  Central  Heat —  Temperature  of  the  Earth.  — > 
Sea  and  dry  Land.  —  Proportion  of  the  Earth  s  Surface  habit- 
able bj  Man.  ^  On  the  Appearances  which  led  to  the  first 
DiTisioa  of  Rocks  into  Primary  and  Secondary.  —  Classification 
of  Rocks.  —  Districts  in  which  the  different  Gasses  appear  in 
Engiand.  —  The  present  Islands  and  Continents  formerly 
covered  by  the  Ocean.  —  Existing  Proofs  of  this  in  Great 
Britain  and  various  Parts  of  the  World.  —  Fossil  Remains  of 
marine  Animals,  Vegetables,  and  land  Quadrupeds ;  the  Strata 
in  whidi  tliey  are  imbedded  formed  in  Succession  at  different 
Eipochs. —  Cfn  human  Bones  occasionally  imbedded  in  Rock.  — 
Inlereiices  respecting  the  former  Condition  of  the  Globe.— 
Remarkable  Passage  in  the  Institutes  of  Menu. 


In  dm  Chapter  ike  author  hcu  endeaoourtd  to  give  iueh  an  outline 
of  the  science,  and  its  practical  application  to  the  hnowledge  of 
ike  Geology  of  Englandy  as  may  he  clearly  and  easily  understood  ^ 
ike  general  reader,  [and  prepare  him  for  the  perusal  <f  the  succeeding 


There  are  perhaps  few  persons  possessed  of  much 
curiosity  in  early  life,  to  whom  the  following  question 
has  not  frequently  presented  itself — ff/iat  is  the 
world  made  of?  Now  this  question,  with  certain 
conditions,  comprises  the  most  important  objects  of 
geological  research  ;  namely,  Ifliat  are  the  substances 
of  which  the  Earth  is  composed  ?  I  That  is  the  order 
in  which  they  are  arranged  ?  IV hat  are  the  changes 
they  appear  to  have  undergone?  —  But  how  are 
satisfactory  answers  to  these  intjuiries  to  be  obtained? 
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When  we  examine  the  terrestrial  globe,  where  the 
solid  parts  are  uncovered  and  exposed  to  our  view, 
we  observe  vast  masses  of  rock  or  stone  lying  in  ap- 
parent confusion  on  each  other ;  or,  should  we  per- 
ceive some  regularity  in  their  position  and  arrange- 
ment, we  soon  lose  sight  of  it  again  by  the  intervention 
of  other  rocks.  In  this  department  of  nature  all  seems 
vast,  unshapen,  and  chaotic;  but  let  us  not  be  dis- 
couraged, for  we  may  recollect  that  the  grandest  ob- 
jects in  the  material  universe,  seldom  present  to  the 
nasty  view  of  the  superficial  observer,  immediate  proofs 
oforder  or  design. 

The  shepherd  who  first  discovered  that  the  planets 
were  not  fixed  in  the  heavens,  and  noticed  their  ap» 
parently  intricate  wanderings  among  the  stars,  could 
not  possibly  anticipate  the  regularity  and  harmonious 
simplicity  of  their  movements,  which  subsequait  ob- 
servations have  demonstrated. 

L#et  us  then  endeavour  to  ascertain  by  what  means 
we  may  become  acquainted  with  the  structure  of 
the  solid  covering  of  our  globe.  Were  these  means 
bounded  by  the  power  of  man  to  penetrate  below  the 
surface,  our  knowledge  must  ever  remain  very  limited 
and  imperfect ;  but  natural  operations  have  greatly 
facilitated  our  inquiries,  and  have  broken  the  rocky 
pavement  of  the  globe,  and  raised  up  or  laid  bare  thib 
mineral  substances  of  which  it  is  composed.  By  an 
attentive  examination  of  the  situations  where  the  rocks 
and  strata  are  thus  exposed  to  our  research,  we  lay 
the  foundation  of  the  science  denominated  Geology. 

Geology  is  derived  from  two  Greek  words,  ge  "  the 
earth,*'  and  logos  "  reason,"  and  signifies  the  Science 
of  the  Earth.  Werner  and  his  disciples,  and  also  some 
of  the  French  geologists,  have  changed  the  term  into 
Geognosy ;  but  for  this  change  no  sufficient  reason 
can  be  assigned,  and  it  is  contrary  to  established  ana^ 
logics  of  language.*     Philosophers,  in  former  ages, 

•  Nothing  can  be  more  unmeaning  than  the  apologies  that  have 
been  offered  for   substituting' (^/lom)   "  knowledge,"    for  (logwi) 
T«asoD."     By  the  same  rule  we  ought  to  change  meteorology, 
ly Biology,  &c.  into  meteorognosy,  physiognosy,  &c. 
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neglected  the  examination  of  the  earth,  and  contented 
themselves  with  vain  speculations  respecting  its  form* 
ation ;  whereas  the  only  proper  answer  to  the  ques- 
tion. How  was  the  world  made?  is  briefly  this — "  By 
the  almighty  power  of  its  Creator/*  We  may  however 
be  permitted,  and  indeed  we  arc  almost  irresistibly 
impelled,  to  inquire  into  the  nature  of  the  secondary 
causes,  tliat  have  been  operative  in  reducing  the  sur- 
fece  of  our  globe  to  its  present  state.  This  inquiry 
comprises  what  may  properly  be  denominated  Specu- 
lative Geology.  Nor  is  this,  as  some  assert,  entirely 
useless :  the  advocates  of  particular  systems  have  en- 
gaged in  an  active  examination  of  nature  to  support 
their  opinions,  and  have  "compassed  sea  and  land  to 
gain  proselytes  :*'  thus  numerous  facts  have  been  dis- 
covered, with  which  we  should  not  have  been  ac- 
quainted had  they  remained  idle  in  their  studies. 

The  earth  is  now  well  known  to  be  one  of  those 
globular  bodies  called  planets,  that  revolve  round  the 
sun  in  orbits  nearly  circular,  and  in  stated  periods  of 
time^  which  bear  a  certain  ratio  to  their  respective  dis- 
tances fix)m  it  They  turn  round  their  axes  with  dif- 
ferent degrees  of  velocity ;  and  this  motion  appears 
to  have  had  considerable  influence  on  their  external 
shape,  by  enlarging  their  equatorial  diameters ;  they 
are  not  perfect  spheres,  but  are  more  or  less  flattened 
at  their  poles. 

In  the  planet  Jupiter,  the  velocity  of  the  equatorial 
parts  is  more  tlian  four  hundred  miles  per  minute, 
whilst  in  the  same  time  the  equatorial  ])arts  of  the 
Earth  have  moved  only  seventeen  miles.  A  diflerence 
between  the  polar  and  equatorial  diameter  of  Jii])iter 
is  perceptible  with  a  telescope  that  has  a  distinct  mag- 
nifying power  of  a  hundred  times,  and  it  is  ascertained 
to  be  as  12  to  13.  The  equatorial  diameter  of  the 
earth  exceeds  its  polar  about  twenty-seven  miles ;  the 
length  of  the  equatorial  diameter  being  7i)*^7>  that  of 
the  polar  7900  miles. 

The  relative  density  of  the  sun,  the  earth,  and  of 
the  other  planets,  is  estimated  by  the  attractive  force 
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which  they  exert  on  each  other,  as  they  move  round 
their  common  centre  of  gravity.  The  absolute  density 
or  the  quantity  of  matter  contained  in  the  earth,  com- 
pared with  an  equal  bulk  of  any  known  substance,  may 
be  nearly  determined  by  the  attractive  force  which 
any  given  mass  of  matter  exerts  upon  a  plummet 
(when  suspended  in  its  vicinity)  to  draw  it  from  a  ver- 
tical line.  This  will  be  proportional  to  the  absolute 
quantity  of  matter  in  that  mass  compared  with  that 
of  the  earth.  By  this  method,  it  has  been  found  that 
the  mean  density  of  the  earth  is  about  five  times 
greater  than  that  of  water,  or  nearly  twice  the 
average  density  of  the  rocks  and  stones  on  the 
surface. 

Hence  it  has  been  inferred  that  the  interior  part 
of  the  earth  is  solid ;  or,  if  it  be  cavernous,  that  the 
solid  matter  must  possess  great  density.  It  is  not  im- 
probable that  iron,  nearly  in  a  metallic  state,  may  be 
one  of  the  constituent  parts  of  the  central  mass,  and  to 
this  it  may  owe  its  magnetic  polarity. 

Dr.  Halley  supposed  that  the  earth  is  a  hollow 
sphere,  containing  within  it  a  central  magnetic  globe, 
and  that  the  revolutions  of  this  globe  on  its  axis, 
occasioned  the  variations  of  the  magnetic  needle. 
Laplace,  the  celebrated  French  astronomer,  asserts, 
that  the  nutation  of  the  earth's  axis,  and  experiments 
on  the  vibration  of  the  pendulum,  indicate  an  increase 
of  density  of  the  mineral  beds,  as  they  approach 
nearer  to  its  centre,  at  least  to  a  certain  depth  from 
the  surface.  The  rapid  transition  of  motion  to  very 
distant  parts  of  the  earth  during  violent  earthquakes, 
renders  it  probable  that  there  are  cavities  filled  with 
fluid  or  gaseous  matter,  which  extend  to  different 
parts  of  the  globe,  at  great  depths  under  the  surface. 

An  opinion  has  long  been  entertained,  that  our 
planet  contains  within  it  a  mass  of  'gneous  matter, 
the  source  of  central  heat,  which  is  supposed  to  be 
an  important  agent  in  maintaining  the  present 
temperature  of  the  globe,  nor  are  facts  wanting  to 
lend  support  to  this  opinion.     The   occurrence  of 
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^nitterous  active  volcanoes  in  both  hemi!)plieres,  and 
in  every  degree  of  latitude;  the  existence  of  extinct 
ancient  volcanoes,  and  of  racks  of  igneouH  origin  in 
almost  every  countr}' ;  and  tlie  nunicrous  hot  and 
warm  springs  that  preserve  an  unvarying  temperature 
tor  centuries,  —  all  indicate  tlie  existence  of  a  source 
of  heat  deeply  seated  beneath  the  surface.  It  flcems 
also  to  be  proved  by  observations  made  for  the 
purpose  in  deep  mines,  that  the  temperature  of  the 
earth  increases  as  uc  descend ;  though  at  a  small 
distance  from  the  surface,  the  temperature  of  the 
ground  and  of  wells  is  the  same  in  every  season,  but 
it  varies  in  different  latitudes.  The  animals  and 
vegetables  whose  remains  in  a  fossil  state  are  found 
in  northern  climates,  are  for  the  most  part  analogous 
in  structure  to  the  animals  and  vegetables  of  tropical 
climates ;  hence  it  has  been  inferred  by  some  geo- 
logists, that  the  central  mass  of  heat  is  gradually 
refrigerating.  It  is,  however,  the  crust  of  the  globe 
that  offers  proper  occupation  to  the  geologist.  The 
greatest  depth  to  which  he  can  extend  his  ob- 
servations from  the  uppermost  strata,  to  the  very 
lowest  beds  that  have  been  raised  up  or  laid  bare  by 
these  natural  operations  which  have  formed  mountains 
or  valleys,  is  less  than  eight  miles  ;  a  thickness  which, 
compared  with  the  bulk  of  the  earth  itself,  docs  not 
exceed  tliat  of  a  coat  of  varnish  upon  an  artificial 
terrestrial  globe.  Were  we  to  bear  this  sufficiently 
in  mind,  tlie  mighty  catastrophes  which  have  changed 
the  surface  of  the  globe  in  former  periods,  and  have 
left  traces  of  their  action,  appalling  to  the  imagi- 
nation, would  cease  to  exceed  the  sober  measure  of 
belief. 

The  superficies  of  our  planet  is  calcidated  to 
contain  about  one  hundred  and  ninety  millions  of 
square  miles ;  but  could  we  be  raised  to  a  sufficient 
height  above  the  earth,  so  as  to  have  its  whole 
enlightened  hemisphere  for  our  horizon,  we  might 
perceive  as  it  revolved  under  our  feet,  how  small 
a  3 
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a  portion  is  fitted  for  the  habitation  of  man.  More 
than  three  fifths  of  the  earth^s  surface  are  covered  by 
the  ocean ;  and  if  from  the  remaining  part  we 
deduct  the  space  occupied  by  polar  ice  and  eternal 
snow,  by  sandy  deserts,  steril  mountains,  marshesi 
rivers  and  lakes,  the  habitable  portion  will  scarcely 
exceed  one  fifth  of  the  whole  of  the  globe.  Nor 
have  we  reason  to  believe  that  at  any  former  period 
the  dominion  of  man  over  the  earth  was  more 
extensive  than  at  present.  The  remaining  four  fiflhs 
of  our  globe,  though  untenanted  by  mankind,  are 
for  the  most  part  abundantly  stocked  with  animated 
beings,  that  exult  in  the  pleasure  of  existence, 
independent  of  human  control,  and  no  way  sub* 
servient  to  the  necessities  or  caprices  of  man.  Such 
is  and  has  been  for  several  thousand  years  the  actual 
condition  of  our  planet;  nor  is  the  consideration 
foreign  to  our  subject,  for  hence  we  may  feel  less 
reluctance  in  admitting  the  prolonged  ages  or  days 
of  creation,  when  numerous  tribes  of  the  lower  orders 
of  aquatic  animals  lived  and  flourished,  and  left 
their  remains  imbedded  in  the  strata  that  compose 
the  outer  crust  of  our  planet. 

The  ocean  has  been  an  important  agent  in  effect- 
ing vast  changes  on  the  surface  of  our  globe,  which 
will  be  afterwards  considered.  The  average  depth 
of  the  sea  has  been  differently  estimated.  According 
to  Laplace,  this  depth  cannot  be  less  than  ten  miles^ 
to  account  for  the  height  of  the  tides  by  the  laws  of 
gravitation ;  but  it  is  more  generally  admitted  that 
the  average  depth  does  not  exceed  five  miles.  No 
admeasurement  by  soundings  has  exceeded  the  depth 
of  one  mile  and  a  quarter. 

The  ocean  has  not  always  occupied  its  present 
bed,  for  rocks  almost  entirely  composed  of  the  shells 
or  remains  of  marine  animals,  are  found  in  almost 
every  country  that  has  yet  been  explored ;  and  these 
remains  occur  near  the  summits  of  the  highest  moun^ 
tains,  in  the  old  and  new  continents,  some  of  which 
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re  than  two  miies  above  the  present  level  of 
the  sea. 

It  itt  well  known  that  the  water  of  the  sea  con- 
tains a  considerable  portion  of  common  salt,  and  a 
small  portion  ot'  other  saline  inKrcdientH.  •  The 
average  amount  of  aalt  in  the  ocean  inav  be  estimated 
at  2^  per  cent,  of  common  salt,  and  \  [>cr  cent,  of 
other  !>aline  componnds. 

The  atmosphere  which  surrounds  the  etirth  does 
not  come  under  the  attention  of  the  geologist,  except 
35  an  agent  in  wearing  down  tJie  solid  surliice,  by 
the  precipitatiun  of  rain,  and  by  change  of  temper- 
ature. 'I  he  inequalities  of  tlie  earth's  suriace  tbrmcd 
by  mountains  and  valleys  afford  frequent  oppor- 
tunhies  tor  observing  that  the  mineral  substances  of 
which  it  is  composed  arc  of  diflerent  kinds:  in  some 
.situations,  we  observe  strat.i  nf  clialk  ;  in  others,  of 
sandstonCf  or  compact  limestone,  or  beds  of  slate, 
granite,  &c.  It  was  long  known  to  working  miners, 
that  the  different  beds  of  mineral  matter  lay  over 
each  otiicr  in  u  regular  order  in  certain  districts  and 
that  certain  beds  were  always  found  under,  and  never 
above,  other  particular  beds. 

The  first  observations  whicli  may  be  said-to  have 
laid  the  foundation  for  a  correct  classification  of 
rocks  were  made  by  the  Gemian  Lehman,  about  the 
middle  of  the  last  century,  lie  tbiind  that  the 
lower  rocks,  in  some  of  the  mining  districts,  were  dis- 
tinguished from  the  upper  rocks  by  their  great  hard- 
ness, and  by  their  structure,  wliich  was,  for  tlic  most 
part,  either  crystalline  or  slaty ;   they  were  also  dis- 

•  The  inquiry  has  ofte"  bteu  made, — Whence  did  the  lea  derive 
iu  saline  contenK?  Itfaoii  bwn  supposed  by  some  writers  that  the 
Kilt  in  the  sea  has  bcun  );ni<Uinll}'  Riigment(.-(l  by  nilinc  particles 
brought  into  it  by  rivers :  but  litis  cause  ia  totnlly  inadequate  to 
explain  the  imaiease  quantity  of  salt  existing  in  tlu.-  whale  mas*  nf 
the  ocean.     If  the  average  depth  of  tlie  sea  be  five  mites,  and  it  ^^ 

conljiin  2i  per  cent,  of  snlt,  —  were  tlie  water  entirely  evuixirutcd,  ^^M 
ilic  balinc  residue  would  fonn  a  stratum  of  salt  more  Inan  five  ^^H 
liundrcd  feet  in  thickness  covering  three  fifths  of  th«  luiface  of        ^^H 
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tinguished  by  the  absence  of  shells  and  other  organic 
remains^  and  by  the  absence  of  fragments  of  other 
rocks,  which  occur  so  frequently  in  the  upper  rocks 
or  strata.  He  further  observed,  that  many  of  the 
upper  strata,  besides  containing  organic  remains^ 
appeared  to  have  been  formed  of  fragments  of  the 
lower  rocks,  broken  down  and  agglutinated  together  ; 
and  hence  he  inferred,  that  the  lower  rocks  were 
formed  prior  to  the  creation  of  animals,  and  he  gave 
them  the  name  of  Primitive  or  Primary^  and  dis^ 
tinguished  the  upper  by  the  name  of  Secondary. 
This  grand  division,  though  too  hastily  formed,  was 
of  use  in  the  infancy  of  the  science,  and  induced 
naturalists  to  examine  more  attentively  the  nature 
and  position  of  the  rocks  in  different  countries :  and, 
as  their  observations  became  more  extended  and  accu- 
rate, a  more  extended  arrangement  and  classification 
was  found  necessary.  Many  of  the  earlier  geologists 
'  maintained  that  each  bed  or  stratum  of  rock  is  spread 
universally  over  the  globe,  and  that  a  series  of  beds, 
in  regular  succession,  environs  our  planet,  like  the 
coats  of  an  onion.  This  position  is,  however,  much 
too  general,  as  m^ny  beds  of  rock  which  are  common 
in  one  country,  are  entirely  wanting  in  another :  but, 
taken  as  an  illustration  of  the  structure  of  the  crust  of 
our  globe  over  a  certain  extent,  the  successive  coats 
of  an  onion,  if  they  were  of  different  colours,  might 
not  unaptly  represent  the  different  strata  that  cover 
certain  districts. 

It  may  here  also  be  proper  to  observe,  that  the 
different  strata  which  occur  under  each  other,  are  not 
arranged  in  the  order  of  their  density  or  specific  gra- 
vity. Coal  strata,  for  instance,  are  often  covered 
with  strata  of  iron-stone,  the  specific  gravity  of  which 
is  more  than  twice  that  of  coal. 

I  shall  now  proceed  to  enumerate  the  different 
classes  of  rocks  generally  admitted  by  geologists,  and 
briefly  describe  the  principal  characters  of  each 
class ;  and,  in  order  to  direct  the  attention  of  the 
reader  more  forcibly  to  the  subject,  I  shall  trace  on 
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ftfi  outline  map  the  principal  situations  in  our  own 
island,  where  rocks  of  each  class  occur,  except  the 
recent  volcanic. 

All  the  different  rocks  and  strata  that  cover  the 
earth's  surface  may  be  arranged  under  the  following 
classes :  — 

1.  Primary. 

2.  Intermediate,  or  Transition. 

3.  Secondary ;  comprising 

a.  The  Lower  Secondary  Seiies,  and 

b.  The  Upper  Secondary  Series.* 

4.  Tertiary. 

5.  Basaltic  and  Volcanic. 

6.  Diluvial  and  Alluvial  Ground. 

This  arrangement  is  substantially  followed  by  most 
geologists  of  the  present  day,  though  with  son)e  mo- 
dification of  the  names.  Several  of  the  French 
geologists  class  the  lower  secondary,  including  the 
coal  strata,  with  the  intermediate  or  transition  rocks: 
some  urgent  reasons  may  be  advanced  for  this,  which 
we  shall  subsequently  notice.  Objections  have  been 
made  to  the  terms  primary,  secondary,  &c.,  that  they 
do  not  strictly  conform  to  the  present  state  of  geo- 
logy ;  but  a  change  of  names,  which  are  in  general 
use  and  well  understood,  would  be  attended  with  no 
adequate  advantage,  and  would  be  ill  suited  to  pro- 
mote the  knowledge  of  the  science  in  an  introduc- 
tory work.  It  is  greatly  to  be  regretted,  that  a 
morbid  desire  to  obtain  celebrity  by  inventing  new 
nomenclatures,  should  so  much  prevail  among  some 
o£  the  cultivators  of  natural  science.  The  author 
is  of  opinion,  that  a  more  simple  arrangement  of 
rocks  might  be  made  without  any  material  change 
of  the  present  names,  and  he  is  persuaded  that  such 
an  arrangement  will  take  place  in  a  more  advanced 
state  of  the  science,  (see  Chap.  V.) 

•  By  some  geologists   these  secondary  strata  are  called  "  the 
older ''  and  ''  the  younger  series/'  terms  which  are  equally  clear 
andintelligible. 
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Primary  or  Primitive  Rocks — were  so  called  be- 
cause iio  fossil  remains  of  animals  or  vegetables, 
nor  any  fragments  of  other  rocks,  were  found  im- 
bedded in  them :  hence  it  was  supposed  that  they 
were  formed  prior  to  the  creation  of  organic  beings. 
The  rocks  of  this  class  are  for  the  most  part  ex* 
tremely  hard,  and  the  minerals  of  which  they  are 
composed  are  frequently  more  or  less  perfectly 
crystallised.  These  rocks  generally  occur  in  im* 
mense  masses  or  beds ;  they  form  the  lowest  part  of 
the  earth's^  surface  with  which  we  are  acquainted, 
and  they  not  only  constitute  the  foundation  on  which 
rocks  of  the  other  classes  are  laid,  but  in  many  si- 
tuations they  pierce  through  the  incumbent  rocks 
iind  strata,  and  form  also  the  highest  mountains  in 
alpine  districts.  We  are  not  to  conclude,  when  we 
see  a  mountain  or  range  of  mountains  bounded  by 
a  plain,  that  the  mineral  beds  and  strata  of  which 
these  mountains  are  formed  terminate  at  their  ap* 
parent  bases ;  on  the  contran-,  they  dip  under  the 
surface  at  angles  more  or  less  inclined,  stretching 
below  the  lower  grounds  and  hills,  and  often  rising 
again  in  remote  districts. 

That  primary  rocks  en\nron  the  whole  globe  will 
not  admit  of  direct  proof;  but,  from  their  frequent 
occurrence  in  mountainous  districts  in  the  most 
distant  parts  of  the  world  tliat  have  been  examined, 
we  may  infer  that  some  of  the  rocks  of  this  class 
constitute  the  foundation  rock  of  every  country. 
We  have  no  means  of  asceitaining  that  tlie  similar 
rocks  of  distant  districts  were  formed  at  the  same 
time^  nor  can  we  be  certain  that  the  rocks  called 
Primary,  have  not  once  contained  organic  remains, 
that  were  destroyed  during  the  process  by  which 
they  acquired  their  present  crjstalline  structure.  We 
may  however,  with  apparent  probability,  infer  that 
their  formation  was  prior  to  the  existence  of  animals 
'  v^etables  on  our  planet  in  its  present  state,  be- 
the  rocks  which  immediately  cover  tliem  con- 
most  exclusively  the  organic  remains  of  the 
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■est  class  of  aniinals,  which  are  consiilered  as  tbrm- 
ing  the  IJr^t  link  in  the  cliain  of  animated  bciii^. 
On  this  account  these  rocks  have  been  called  by  llie 
German  geologists  transilion  rocks,  from  the  sup|io< 
sitimi  tlut  tliey  were  formed  when  tiie  world  was 
passing  from  an  uninhabi  table  to  :i  habitable  stale. 

Tramllion  or  intermediate  racks  are  generally  less 
crystalline  than  the  primary  ;  they  contain  occasion- 
ally organic  remains  of  the  lower  classes  of  animals, 
and  also  fragments  of  rocks  of  the  primary  cJass. 
They  are  frequently  interposeti  between  rocks  of  llie 
primary  class,  and  those  more  generally  called  se- 
condary, and  often  partake  of  the  character  belong- 
ing to  both.  The  prevailing  rocks  in  the  transition 
series  are  limestone,  slate,  called  clay  slate,  and 
coarse  slate,  passing  sometimes  into  sandstone,  and 
conglomerate;  this  has  been  called  by  the  Germans 
grau  wacce,  or  grey  wacke.    The  rocks  of  the  primary 

Id  transition  class  are  the  principal  repositories  of 
jtaliic  orc«,  but  in  ICiirope  they  contain  feu-  saline 
'tnflainmable  minerals.*  In  South  America,  ac- 
rding  to  Humlmldt,  sulphur  and  bitumen  e\ist  in 
tisiderable  quantities  in  rocks  denominated  pri- 
Rocks  of  the  transition  class  arc  not  universally 
interposed  between  the  primarj'  and  secondary  rocks, 
for  in  some  situations  the  transition  series  are  en- 
tirely wanting.  Thus  in  passing  from  Lyons  to  Clcr- 
mont,  in  the  centre  of  France,  I  observed  the  regu- 
lar coal  strata  resting  upon  beds  of  sand,  clay,  and 
nded  stones  which  immediately  cover  granite. 

•ondarif   Rocks.  —  The  lower  series  are  almost 

distinctly  stratified;  they  consist  chiefly  of  sand- 

le,  soil  argillaceons  slate  called  »halc,  and  beds  o( 

coal  and  iron-stone.     Many  of  the  secondary  strata 

<A'  this  class  abound  exclusively  in  the  fossil  remains 

vegetables,  analogous  to  ferns,  palms,  and  reeds ; 


^^^pundi 

^■Tdis 


*  Except  ve  compriBe  the  rcgulsr  coal  formation  in  tlic  iransi- 
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while  the  rocks  in  the  former  or  transition  class,  con- 
tain almost  exclusively  the  remains  of  marine  animals. 
This  change  in  the  nature  of  the  fossil  remains  in 
the  two  classes  of  rocks,  indicate  an  important  change 
in  the  condition  of  the  globe,  prior  to  the  deposition 
of  the  lower  series  of  secondary  strata.  The  transi* 
tion  rocks  were  evidently  formed  under  the  sea, 
some  of  the  beds  being  almost  entirely  composed  of  the 
exuviai  of  madrepores  and  encrini,  but  the  terrestrial 
plants  whose  remains  abound  in  the  lower  secondary 
strata,  must  have  grown  on  land,  from  which  the  an- 
cient ocean  had  retired,  and  the  strata  which  con- 
tain them  were  probably  deposited  at  the  bottom  of 
rivers  or  fresh  water  lakes,  as  marine  organic  remains 
seldom,  if  ever,  occur  in  them.  The  upper  series 
of  secondary  strata  again  indicate  another  important 
change  of  the  surface  of  the  globe.  The  prevailing 
beds  in  this  series  are  stratified  limestone  with  beds 
of  clay  shale  and  sandstone  interposed.  The  lime- 
stone has  generally  an  earthy  texture,  and  very 
rarely  partakes  the  hard  and  crystalline  character  of 
the  lower  limestones.  The  fossil  remains  in  the 
upper  secondary  strata  are,  with  some  exceptions, 
those  of  marine  animals,  but  of  different  genera  or 
species  from  those  in  the  strata  below  them.  It  is 
in  the  upper  secondary  strata  that  we  first  meet  with 
remains  of  saurian  or  lizard-shaped  animals,  some  of 
which  were  of  immeifse  size.  The  co-existence  of 
dry  land,  at  the  period  when  most  of  the  upper 
secondary  strata  were  deposited,  is,  however,  proved, 
by  the  occasional  occurrence  of  terrestrial  fossil 
plants,  and  the  bones  of  fresh-water  and  amphibious 
reptiles,  such  as  the  crocodile  and  tortoise. 

Another  important  fact  respecting  the  upper  series 
of  secondary  strata  is,  that  they  appear  to  have  been 
formed,  not  only  under  different  circumstances  from 
the  lower,  but  after  a  long  interval,  during  which  the 
surface  of  the  globe  had  been  much  fractured  and 
ned  J  for  the  upper  series  do  not  lie  parallel 
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with  the  lower,  but  they  cover  the  edges  of  the  lower 
strata  unconformably. 

To  make  this  better  understood,  suppose  a  number 
of  books  to  be  laid  regularly  upon  each  other,  and 
the  lowest  volume  to  be  tilted  up  so  as  to  give  an  in- 
clined position  to  the  whole,  if  we  then  take  other 
books  and  place  them  horizontally,  or  nearly  so,  on 
the  upper  edges  of  the  inclined  volumes,  we  may 
then  form  a  distinct  idea  of  the  unconformable  posi- 
tion  of  the  upper  series  of  secondary  strata  over  the 
lower  series.  This  position  is  represented  Plate  1. 
fig.  3.;  it  will  be  more  fully  described  in  the  4th 
chapter.*  The  last  of  the  upper  secondary  strata  is 
chalk,  a  rock  well  known  in  the  south  and  south-east 
parts  of  England,  though  entirely  wanting  in  the 
north-west  and  in  Scotland. 

Tertiary  Strata  comprise  all  the  regular  beds  that 
have  been  deposited  subsequently  to  the  chalk  strata, 
on  which  they  frequently  repose.  It  was  formerly 
supposed  that  tertiary  strata  were  very  limited  in 
extent,  and  were  confined  to  a  few  districts  in 
Europe ;  recent  observations,  however,  prove  that 
strata  of  this  class  cover  considerable  portions  of  the 
surface  in  various  countries,  though  there  are  other 
countries  in  which  they  are  entirely  wanting.  Ter- 
tiary strata  are  the  most  recent  or  uppermost  of  all 
the  regular  rock  formations.  They  consist  chiefly  of 
clay,  marie,  limestone,  and  friable  sandstone :  the 
lower  series  of  these  strata  contain  numerous  marine 
shells,  while  some  of  the  middle  and  upper  strata 
contain  shells  resembling  those  found  in  our  present 
rivers,  or  in  fresh  water  lakes.  'Yho  most  remark- 
able fact  respecting  the  tertiary  strata  is,  that  some 
of  them  contain  numerous  bones  of  large  terrestrial 
quadrupeds  of  the  class  Mannnalia,  but  these  for  the 

♦  There  are  some  situations  in  which  the  lower  strata  have  not 
been  subjected  to  any  great  dislocations  prior  to  the  deposition  of 
the  upper  strata  upon  them,  for  the  latter  occur  in  a  position  paral- 
lel with  that  of  the  lower  strata. 
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most  part  belong  to  genera  or  species  which  no 
longer  exist  upon  the  earth. 

Volcanic  and  Basaltic  Rocks  have  been  either 
ejected  from  volcanoes,  or  poured  out  in  a  state  of 
fusion  from  rents  and  openings  on  the  earth's  surface; 
They  cover  in  an  irregular  manner  the  rocks  of  the 
preceding  classes.  In  some  situations  the  melted 
mineral  matter  has  taken  a  columnar  form  in  cool- 
ing; in  other  situations  it  fills  vast  fissures,  called  by 
miners  dykes.  Basaltic  rocks  are  very  common  in 
the  northern  part  of  our  island.  Volcanic  and  ba- 
saltic rocks  are  of  different  ages :  the  most  ancient 
approach  in  their  nature  to  rocks  of  the  primary 
class,  and  appear  to  be  chiefly  formed  of  the  same 
mineral  substances,  more  or  less  softened  by  subter- 
raneous heat,  and  protruded  through  the  crust  of  the 
globe. 

Diluvial  and  -4//t/i;iW.— Considerable  portions  of 
the  surface  of  the  ground  are  in  many  countries 
covered  with  thick  beds  of  gravel,  sand,  or  clay,  and 
fragments  of  rock  and  loose  stones,  more  or  less 
rounded  by  attrition.  In  some  situations  these  have 
evidently  been  transported  from  a  vast  distance,  for 
frequently  no  rock  similar  to  the  fragments  occurs 
within  a  hundred  miles  or  more  of  the  place  where 
they  are  deposited.  They  indicate  the  action  of 
torrents  and  inundations,  which  have  swept  over  the 
face  of  our  present  continents.  The  French  have 
given  to  these  depositions  the  name  of  terreins  de 
transport^  a  name  which  defines  them  precisely,  and 
involves  no  theory ;  for  it  comprises  both  deposits 
formed  suddenly  by  mighty  irruptions  of  the  ocean, 
and    alluvial   deposits   formed   by   the   gradual   de- 

{>osition  of  sediment  at  the  mouths  of  rivers  or  in 
akes. 

The  classes  of  rocks  above  enumerated  have  their 
appropriate  mineral  productions,  and,  with  the  ex- 
ception  of  rocks  of  the  first  and  fifth  classes,  their 
appropriate  organic  remains;  and  it  would  be  as 
useless  to  search  for  regular  beds  of  common  coal  in 
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the  primary  rocks,  as  it  would  be  to  search  for  me^ 
tallic  veins,  or  statuary  marble,  in  the  tertiary  strata. 

It  has  been  before  stated,  that  wc  cannot  be  abso- 
lutely certain  that  rocks  of  the  same  class  and  of  a 
similar  kind  in  distant  countries  were  formed  at  tlie 
same  time.     This  is  more  especially  the  case  with 
rocks    that    contain   no  organic    remains,   such   as 
granite,  porphyry,  and  volcanic  rocks,  as  it  is  only 
from  their  relative  position  that  we  can  obtain  evi- 
dence respecting  their  geological  antiquity.     Those 
rocks  which  generally  serve  as  the  foundation  for  the 
other  classes  are  inferred  to  be  the  most  ancient. 
Strata  in  the  same  class,  that  contain  similar  species 
of  organic  remains,  are  admitted  to  belong  to  the 
same  geological  epoch,  and  to  have  been  deposited 
under  the  same  condition  of  the  globe  ;  yet  admitting 
that  certain  distant  strata  were  of  coeval  fbnnation, 
it  may  be  proved,  that  portions  of  the  same  series  of 
strata  have  emerged  from  the  ocean  at  different  in- 
tervals of  time,  and  that  certiiin  parts  of  the  present 
continents  have  become  dry  land  at  very  distant  and 
remote  epochs.     The  period  when  rocks  or  strata 
were  first  deposited  has  no  necessary  connection  with 
the   period  of  their  elevation,  as  will  be  afterwards 
more  fully  stated. 

I  shall  proceed  to  elucidate  the  situation  of  the 
difierent  classes  of  rocks  in  England,  by  a  reference 
to  the  outline  map,  Plate  G. 

The  waving  line  a  a  a,  extending  from  the  south- 
west of  Dorsetshire  to  the  county  of  Durham,  forms 
a  striking  geological  division  of  England  :  all  the 
land  on  the  cast  of  this  line  is  composed  of  the  up- 
per secondary  and  tertiary  strata,  in  which  neither 
metallic  veins  nor  regular  beds  of  mincTal  coal  are 
found.  The  tertiary  strata  lie  over  the  upper  se- 
condary, within  the  parts  bounded  by  the  letters 
0  000.  On  part  of  the  eastern  coast  of  Yorkshire 
and  Lincolnshire,  there  is  a  submarine  forest  about 
seventeen  feet  under  the  present  highwater  level. 
This  forest  appears  to  have  extended  eastward,  as 
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n:!in»  *:«  tnws  ud  roots  msy  be  seen  at  low- water 
n  4  o*^:::^*^^*-:^^  difc&Dce  from  the  coast 

^^  is:  o:  :hf  ::ne  a  a  a  tbei^e  is  an  important  change 
r  rh^  m:iii^  jir^iaDrriJiTj? ;  from  thence  to  the  line 

*  /  Tiu  j*-»»-:T  2e^-*iina£rr  fCTMa  appear,  and  most  of 
iu  niiu-jna  r.Tau  xisnnrs  in  England  occur  between 
n^  iinis  -  r  ..  sxiL  :  :  r-  I:  is  remai^able,  that  few  if 
Lp  "tfCTii^A-  ntsalii:  veins  are  found  in  this  division. 
.  ^  ii«^  'ViTi^ma-^  ?crszk  are  also  continued  west 
^  :>  liTt  /  .~ ,..  TJirniirr  tbi  midland  and  northern 
•'».  ^.Ti^^  r*;'  Tioi.-  rt*  zi«  irtiwritioTi  series  occasion- 

■  i.'^^ru-  ::  :n>  lia-^  :i:  ;ii::  isiaDi  A  very  exten- 
•'v:  -..-u.  J^:-.-  /WH-^  jr  riia:  pan  of  South  Wales 
»rr.jzr-\^^  r-^  ir^x^ji  Jiuiiinel,  On  the  east  of  the 
«n  .    --a.*'    ^   >:»nui-i.i»-i.  thai  the  strata  gene- 

•  .?.'  t  .!^^  V  ::\i  joiiu>-eas::  west  of  this 
It     t'^    s.r    T'-:":    ."^-.'^iiiu"..  uii  dip  iii  ^arious  di- 
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»:  ni"  ,-/»rnn.>%;»£  41:  thf  jover  secondary 
••fi-'i-T:'^  ^r^x^.'i..  v"f  nxesz  with  rocks  of 
£.t^  !-i:'Ki:uii  rsass:s.  ji  which  metallic 
.^  .-  .i»wi*  «:^,"*  .'yu^^ccuni  rrtf  alpine  parts  of 
^  j^^.  *u^cw  '^  -!:io--:i,?i  ^'jrrval,  imi  IVronshire, 
.  ""-v. ...  ^Jt;?s  .l:u  lie  luiTzi-v-is:  Tiar^i ^  York- 
.  .  ...V.  --.  ..i..i>ij !:"«:.  ;i:u  :;i:''';uiri  "^ isnn.T^;aDd  and 

;      ..cx>  .1    lie    ntnim*    ;'ai^  ;Tiiu«f*«  .x'V'jr  is  the 

^cai     111:    -tiULie    Ji    J-JLCaUUV  IC   ^'' I Ur P V'/Cll  Fvcest 
-..fcr:>iti>*7ii>r-    -SilU   iC  r.Hi  J(.Ji;f'irr  ii^ils  m  Wot- 

ctr   'iir'-t-iiTn   -le   scoxloatt  rtmtiL  j.:i:.  .*-jiupose 

suiJul  iiacnct*  oi  pnmiuve  coutzti  Hirrjiuided 

t»Ojui:ary  strata.     AJ*»o  in  iht-  coL;rit«!f  :i:  I[Xfn>y. 

r  jisti  :a  rfie  We*t  Hiding  of  Yojishrrf.  jiTii  piut 

lEKrliTii  a^d  WerinjoreJaui.  reels  cc  cr^icsi- 
ottwrcLH  lizL-cs^'r-r  r.>r  U'  a  oocrSiicraiJe 

uxi    tiKt  Wvf^  :c  zr.^ci :  source  01"  r-:«se  iime- 
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the  line  ee  hvds  of  rock-salt  anti  the  principal  sptingt 
of  brine  arc  aituau^d. 

It  must  be  kept  in  mind  when  observinje  this  tnap, 
iJut  the  tertiai^  strata  lie  upon  the  secondary-,  and  tfie 
secondary  upon  the  transition  and  primary  rocks. 
Now,  if  the  tertiary  and  secondary  strata  h^d  both 
extended  to  tlie  western  counties,  it  is  obvious  that 
we  could  have  had  no  knowledge  of  the  existence  of 
the  lower  series  but  by  boring  or  sinking  through 
the  upper  series ;  and  the  aggregate  thickness  of 
those  exceeds  the  power  of  the  miner  to  pierce 
through.  The  tertiary  strata,  however,  only  cover 
a  part  of  the  secondary,  and  the  secondary  do  d<A 
cover  the  whole  of  the  lower  series;  so  that  in 
travelling  westward,  we  come  immediately  upon  the 
lower  strata  in  succession,  as  they  rise  from  under* 
neath  each  other ;  for,  as  I  before  observed,  the 
general  inclination  or  dip  of  the  beds  is  towardx  the 
soitthrcast.  The  action  of  the  sea  upon  our  coasts 
and  diffs,  has  exposed  to  view  the  succession  of  the 
different  rocks  and  strata  in  many  parts  of  our  island, 
and  has  enabled  us  to  obtain  a  correct  knowledge  of  ^^^ 
their  thickness  and  direction,  and  of  the  organic  re*  ^^M 
mains  peculiar  to  each  series.  ^^M 

Before  concluding  the  present  chapter,  let  us  take  ^^ 
a  view  of  some  of  the  more  striking  appearances, 
which  afford  demonstrative  evidence,  tnat  great 
changes  have  taken  place  in  the  relative  level  of  the 
present  continents,  and  that  the  ocean  has  in  former 
ages  rolled  its  waves  over  what  are  now  the  most  ele- 
vated parts  of  the  earth.  Many  proofs  of  this  exist  in  ^_ 
our  own  island,  and  in  various  parts  of  the  world.             ^^^ 

The  calcareous  or  limestone  mountains  in  Derby-  ^^M 
shire,  and  Craven  in  Yorkshire,  rise  to  tlie  height  of  ^^B 
about  two  thousand  feet  above  the  present  level  of 
the  sea.  They  contain  through  their  whole  extent, 
fossil  remains  of  zoopiiytes  and  marine  animals,  but  ^^ 
more  abundantly  in  some  [larts  than  in  others.  I'ar-  ^H 
ticular    species    occupy  alnnwt    exclusively    distinct        ^^| 

K,  and  in  some  situations  the  whole  niass  appeav      ^^^ 
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of  a  bed  of  limestone  of  great  thickness,  as  is  the 
case  with  the  beds  of  encrinal  limestone  in  Derby- 
shire, and  the  limestone  called  corai-ragg  at  Steeple 
Ashton. 

The  fossil  remains  of  animals  not  now  in  exist- 
ence, entombed  and  preserved  in  solid  rocks,  present 
us  with  durable  monuments  of  the  great  revolutions 
which  our  planet  has  undergone  in  former  ages.  We 
are  carried  back  to  a  period  when  the  waters  of  the 
ocean  have  covered  the  summits  of  our  highest 
mountains,  and  are  irresistibly  compelled  to  admit 
one  of  two  conclusions,  —  either  that  the  sea  has  re- 
tired and  sunk  far  below  its  former  level,  or  that  some 
power  operating  from  beneath,  has  lifted  up  the 
islands  and  continents  with  their  hills  and  mountains, 
from  the  watery  abyss,  to  their  present  elevation 
above  its  surface. 

These  organic  remains  present  also  undeniable 
proofs  of  another  fact  equally  interesting.  Every  re- 
gular  stratum  in  which  they  are  disseminated  was 
once  the  uppermost  rock,  however  deep  it  may  be 
below  the  present  surface,  or  with  whatever  rocks  it 
may  now  be  covered.  This  inference  is  not  the  less 
conclusive,  whether  we  suppose  that  the  animals  lived 
and  died  where  their  remains  occur,  or  whether  they 
were  aggregated  and  carried  by  marine  currents  into 
their  present  situation.  Hence  we  learn  that  the 
secondary  strata  were  formed  in  succession  over  each 
other,  and  thus  these  fossil  remains  preserve  the  re- 
cords of  the  ancient  condition  of  our  planet,  and  the 
natural  history  of  its  earliest  inhabitants.  The  un- 
known causes  by  which  zoophytes  and  different  genera 
and  species  of  testaceous  animals,  of  reptiles,  vege- 
tables, and  mammiferous  quadrupeds  were  buried  in 
different  strata,  have  operated  in  succession  at  distant 
intervals  of  time ;  for  we  do  not  find  the  remains  of 
different  classes  confusedly  intermixed  together,  ex-, 
cept  in  beds  of  clay  or  gravel,  near  the  surface,  or 
in  fragments  of  various  rocks  which  have  been 
iroken  down  and  subsequently  united.     Bones  of 
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Combent  column  of  water,  previously  to  the  tailing  iii 
of  tlie  sides  of  tlie  pit. 

The  imperfect  skeleton  of  a  woman,  imbedded  in 
a  kind  of  calcareous  sandstone,  brought  from  Guada- 
loupe,  and  exhibited  in  the  British  Museum,  may 
appear  to  invalidate  what  was  asserted  in  the  first 
edition  of  this  work,  that  no  instances  have  been 
known  of  human  bones  bein^  found  in  regular  stra- 
tified rocks,  nor  even  in  undisturbed  alluvial  ground, 
where  the  remains  of  extinct  species  oi'  quadrupeds 
are  not  unfrequcntly  met  witli.*  Due  attention  to 
all  the  circumstances,  will  reconcile  that  assertion 
with  the  present  fact.  The  skeleton  from  Guada* 
loupe  is  described  as  having  been  found  on  the  shore 
below  the  high-water  mark,  among  calcareous  rocks 
formed  of  madrepores,  and  not  far  (rom  the  volcano 
called  the  SoufFriere.  The  bones  are  not  petrified, 
but  preserve  the  usual  constituents  of  fresh  bone, 
and  were  rather  soft  when  first  ex]>o8ed  to  the  air. 
Specimens  of  the  stone  which  I  have  in  my  possession, 
that  were  chipped  firom  the  same  block,  present,  when 
examined  with  a  lens,  the  appearance  of  smooth  grains, 
consisting  of  rounded  fragments  of  shells  and  coral, 
aggr^ated  and  united  without  any  visible  cement 

We  have  an  example  of  a  similar  formation  of  cal- 
lous sandstone  on  the  north  coast  of  Cornwall, 


*  Since 'the  publication  of  the  first  and  second  editions  of  thia 
work,  I  have  teea  in  the  posscision  of  a  gentleman  at  I'lyraoutli, 
one  of  two  human  skulls  tliot  were  found  in  digging  a  sireuni  worii, 
forty  or  fifty  feet  below  the  level  of  the  river  at  Camon  in  Com- 
vall.  Nuts,  and  the  horns  of  some  animai  allied  to  the  stag,  wen 
diMwvered  in  the  same  siluation.  —  In  a  note  I  made  at  tlie  time, 
1816,  it  is  staled  that  the  forehead  was  remarkably  low  and  narrow, 
and  the  part  of  the  skull  which  contained  tlie  cerebellum  unusually 
promioent.  That  these  skulls  were  ancient  there  can  be  little 
doubt,  but  there  is  no  sufficient  data  to  enable  us  to  approximate 
to  the  period  of  their  deposition. 

Tlie  bone  was  not  mineralised,  though  very  luird.  The  absence 
rarity  of  human  bones  in  (iiese  beds  of  gravel  and  clay, 
iliat  contain  the  remains  of  large  laud  ijuadrupodi,  is 
xtraordiniu-y  than  their  non-occurrence  in  the  regular 
cover  our  present  coatinentt. 
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composed  entirely  of  minute  fragments  of  shells.  In 
the  Arundel  papers,  there  is  mention  of  an  inun« 
dation  of  sand,  which  covered  a  great  part  of  the 
coast  near  St.  Ives  in  the  twelfth  century :  it  is  also 
known  by  oral  tradition,  that  whole  farms  have  been 
overwhelmed  at  a  period  not  very  remote ;  and  at 
this  very  day,  upon  the  shifting  of  the  sands  by  high 
winds,  the  tops  of  houses  may  occasionally  be  seen. 
In  several  parts  of  the  coast,  this  sand  is  seen  pass- 
ing into  the  state  of  compact  rock,  very  difficult  to 
break ;  and  it  is  even  used  for  building-stone.  Entire 
shells  of  land  snails  and  fragments  of  slate  occasion- 
ally occur  in  it  *  When  I  was  in  the  county  I  ex- 
amined numerous  specimens  of  the  rock  with  a  lens, 
and  compared  them  with  a  specimen  of  the  Guada- 
loupe  sandstone  that  I  had  with  me,  and  they  ap- 
peared closely  to  resemble  each  other.  Dr.  rari^ 
in  an  interesting  paper  read  to  the  Geological 
Society  of  Cornwall,  ascribes  the  consolidation  of 
the  sandstone  to  the  infiltration  of  water  contain- 
ing iron,  from  the  decomposing  slate-rocks  in  the 
vicinity.  Instances  of  the  consolidation  of  beds  of 
loose  sand  are  common  on  the  coast  of  Sicily.  It 
cannot  therefore  excite  surprise,  that  in  a  volcanic 
island  like  Guadaloupe,  subject  to  violent  convulsions 
from  earthquakes,  inundations,  and  impetuous  hur- 
ricanes, human  bodies  should  occasionally  be  dis- 
covered, that  have  been  enveloped  in  driving  sands, 
which  have  subsequently  become  indurated.  The 
situation  of  this  skeleton  near  the  sea-shore,  the  state 
of  the  bones,  and  the  nature  of  the  stone  in  which 
they  are  imbedded,  take  away  the  probability  of  their 
high  antiquity. 

In  the  Institutes  of  Menu,  which  according  to  Sir 
William  Jones  are  nearly  as  ancient  as  the  writings 
of  Moses,  the  account  of  the  six  days  of  creation  so 
closely  resembles  that  given  in  Genesis t,  that  it  is 

♦  See  Guide  to  Mount's  Bay  and  the  Land's  End. 
f  The  diBcoveries  in  astronomy  which  proved  the  diurnal  and 
winual  motions  of  the  earth,  were  for  some  time  warmly  opposed. 
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scarcely  possible  to  doubt  its  being  derived  from  the 
same  patriarchal  communication.  There  is,  how- 
ever, a  particular  definition  given  of  the  word  day 
as  applied  to  the  creation,  and  it  is  expressly  stated 
to  be  a  period  of  several  thousand  years.  If  this  in- 
terpretation be  admitted,  it  will  remove  the  difficulty 
that  some  have  felt  in  reconciling  the  epochs  of 
creation  with  the  six  days  mentioned  by  Moses. 
The  six  days  in  which  Creative  Enerj^  renovated 
the  globe  and  called  into  existence  dincrent  classes 
of  animals,  will  imply  six  successive  epochs  of  inde- 
finite duration.  The  absence  of  human  bones  in 
stratified  rocks  or  in  undisturbed  beds  of  gravel  or 
clay,  indicate  that  man,  the  most  perfect  ot  terres- 
trial  beings,  was  not  created  till  afler  those  great 
revolutions  which  buried  many  different  orders  and 
entire  genera  of  animals  deep  under  the  present  sur- 
face  of  the  earth.  That  man  is  the  latest  tenant  of 
the  globe,  is  confirmed  by  the  oldest  records  or  tnu 
ditions  that  exist  of  the  origin  of  the  human  race. 

The  great  convulsions  which  have  at  distant  pe- 
riods changed  the  ancient  surface  of  the  globe,  and 
reduced  it  from  a  chaotic  to  its  present  habitable 
state,  were  not,  it  is  reasonable  to  believe,  effected  by 
the  blind  fury  of  tumultuous  and  conflicting  elements, 
but  were  the  result  of  determined  laws,  directed  by 
the  same  wisdom  which  regulates  every  part  of  the 
external  universe.  Compared  with  the  ephemeral 
existence  of  man  on  the  earth,  the  epochs  of  these 
changes  may  appear  of  almost  inconceivable  dura- 
tion ;  but  we  are  expressly  told,  "that  with  the  Creator 
a  thousand  years  are  as  one  day,  and  one  day  as  a 
thousand  years." 


as  being  at  variance  with  the  motion  of  the  sun  and  moon,  and  the 
motionless  stability  of  the  eartli  which  the  sacred  writings  de- 
scribe. We  should  not,  however,  admire  the  judgment  of  the 
writer,  who  in  the  present  day  should  publish  a  scriptural  as^ 
tronomy,  in  opposition  to  the  Copernican  system.  The  sacred 
writers  describe  natural  objects  as  they  appear  to  the  senses,  and  do 
not  teach  systems  of  philosophy. 
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CtlAP.  II. 

ON  PETRIFACTIONS,  OR  FOSSIL,  ANIMAL,  AND 

VEGETABLE  REMAINS. 

Opinions  of  early  Naturalists  respecting  Petrifactions.  —  On  the 
Process  called  Petrifaction.  —  Experiment  of  Dr.  Jennet*  on  the 
Petrifaction  of  recent  Bones.  —  ^^^^"S  Reptiles  occasiondly 
found  in  solid  Stone.  —  Remarkable  Di£&rence  in  the  Condition 
of  Fossil  Remains  in  adjacent  Strata;  Instance  of  this  at  West- 
bury  Cliff,  Gloucestershire.  —  The  four  grand  Divisions  of  the 
Animal  Kingdom.  —  Distribution  of  the  Remains  of  certain 
Classes  and  Orders  of  Animals  in  each  Division  through  the  dif- 
ferent Rock  Formations.  —  Fossil  Elephant  proved  to  have 
been  an  Inhabitant  of  cold  Climates.  —  Remains  of  Monkeys 
hitherto  undiscovered  in  a  Fossil  State.  —  On  Vegetable  Petri- 
factions in  the  Transition,  Secondary,  and  Tertiary  Strata,  sup- 
posed to  prove  the  former  high  Temperature  of  the  Globe  in 
Northern  Latitudes.  —  Observations  on  Fossil  Organic  Remains, 
as  serving  to  identify  Strata  in  distant  Countries. 

If  it  had  been  predicted  a  century  ago,  that  a  vo- 
lume would  be  discovered,  containing  the  natural 
history  of  the  earliest  inhabitants  of  the  globe,  who 
flourished  and  perished  before  the  creation  of  man, 
with  distinct  impressions  of  the  forms  of  genera  rf 
animals  no  longer  existing  on  the  earth,  —  what 
curiosity  would  have  been  excited  to  see  this  wcm- 
derful  volume ;  how  anxiously  would  Philosc^herg 
have  waited  for  the  discovery !  But  this  volume 
is  now  discovered ;  it  is  the  volume  of  Nature,  rich 
with  the  spoils  of  primeval  ages,  unfolded  to  the 
view  of  the  attentive  observer,  in  the  strata  that 
compose  the  crust  of  the  globe.  The  numerous  and 
varied  forms  of  organic  beings,  whose  remains  are 
there  distinctly  preserved,  sometimes  differ  so  much 
in  structure  from  any  known  genera  of  animals,  thitt 
we  can  scarcely  hazard  any  probable  conjectuWs 
respecting  their  modes  of  existence.  Nor  is  it 
merely  the  forms  of  unknown  ataimals  that  we  di9- 
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irer  in  the  different  strata,  we  also  learn  the  order 
of  succession  in  which  they  first  appeared  on  the  globe. 

It  is  only  within  a  comparatively  short  period,  that 
these  fossi!  organic  remains  have  engaged  the  atten- 
tion of  natiiralisU.  It  is  tnie  that  in  remote  timea, 
tlie  occasional  discovery  of  sliclls  and  bones  of  largo 
animals  imbedded  in  rocks,  did  not  escape  the  atten- 
tion of  philosophers ;  but  the  shells  were  supposed 
to  belong  to  species  now  living,  and  the  bones  to  a 
gigantic  race  of  men,  that  perished  during  some 
great  inundation,  or  had  been  buried  by  earthquakes. 
Other  hypotheses,  equally  remote  from  truth,  serve 
to  show  how  little  attention  had  been  bestowed 
on  this  department  of  Natural  History,  The  cele- 
brated botanist,  Toumetbrt,  from  the  regularity  of 
tbrm  in  many  fossil  remains,  was  induced  to  believe 
that  they  were  stones  that  grew  and  vegetjited  from 
seeds.  "  How  could  the  Coniu  Ammunis,"  he  ol>. 
serves,  "  which  is  constantly  in  the  figure  of  a  volute, 
be  formed  without  a  seed  containing  the  same  struc* 
ture  in  the  small,  as  in  the  larger  tbrms?  Who 
moulded  it  so  artfully,  and  where  are  the  moulds?" 

As  fossil  organic  remains,  particularly  shells  and 
zoophytes,  are  found  many  hundred  and  even  thou- 
sand feet  below  the  present  surface  of  the  earth,  the 
first  enquiry  that  naturally  suggests  itself  is,  how  did 
they  come  there?  It  is  impossible  that  the  animals 
when  living,  or  their  exuvia;  when  dead,  could  pa«8 
through  such  vast  depths  of  solid  rock.  A  few  of 
them  might  fall  into  vertical  fissures,  and  remain 
there",  but  they  could  never  in  this  way  cuter  into 

*  InsUncM  of  reptiles  found  living  in  the  midst  of  tulid  Uofte 
smnetiines  occur.  At  the  collier}'  an  Hothwell  tiaigh  near  Leeds, 
3  living  lizard'  or  newt  was  faund  in  a  bed  of  c'oal  at  the  depth  of 
180  yards  from  the  surface,  I  saw  it  in  the  year  1819  ioon  after 
its  diiCDvery  ;  it  was  preKrved  in  spirits,  and  wos  abnutfivc  inches 
in  len|fih.  I  couid  not  perceive  that  it  differed  fi-fim  the  living 
BpeCTes.  Tlie  animal  had  probably  crept  into  the  mine  along  one 
of  the  levels  that  drain  off  the  wnter.  or  down  the  sides  of  the 
•haft.  The  specimen  is  row  in  the  possession  of  the  llev.  A. 
™  -     '"nrofWakefieliL    In  all  insUncet  vfaere  ta«tU  tmra  been 
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depositions  of  strata,  on  which  following  races  of 
living  beings  flourished,  and  in  like  manner  left  their 
remains. 

Animal  or  vegetable  substances  found  imbedded 
in  rocks,  are  more  or  less  impregnated  with  mineral 
matter,  and  hence  have  been  called  petrifactions. 
The  process  of  petrification  consists  in  the  infiltration 
of  mineral  matter  into  the  pores  of  bone  or  vegetables. 
In  some  instances  the  animal  or  vegetable  matter 
has  been  almost  entirely  dissolved  or  removed,  and 
the  mineral  matter  so  gradually  substituted,  as  to 
assume  the  perfect  form  of  the  internal  structure 
either  of  the  plant  or  animal. 

The  process  of  petrification  may  be  more  rapidly 
effected  than  has  generally  been  supposed.  In  the 
year  1817, 1  paid  a  visit  to  the  celebrated  Dr.  Jenner, 
at  Berkley,  who  informed  me  that  he  had  made 
several  experiments  upon  recent  bones,  by  burying 
them  in  the  dark  mud  from  the  lias  clay :  in  less  than 
twelve  months  the  bones  became  black  throughout, 
and  when  dry,  they  were  harder,  heavier,  and  more 
brittle  than  recent  bone,  and  the  surface  was  shining. 
The  specimens  which  he  showed  me,  presented  the 
same  appearance  as  the  fossil  bones  in  the  lias  clay. 
The  effect  was  probably  produced  so  speedily  by 
the  presence  of  the  sulphate  of  iron,  and  other  saline 
ingredients  with  which  that  stratum  abounds.  As 
this  stratum  is  the  most  remarkable  of  nil  the  secon- 
dary series,  for  the  large  animal  remains  which  it 
contains,  particularly  of  the  saurian  or  lizard  order, 
and  as  the  bones  arc  frequently  covered  with  crystals 
or  incrustations  of  pyrites,  I  will  venture  to  hazard 
a  conjecture  respecting  the  manner  in  which  these 
crystals,  or  incrustations  of  j)yrites,  or  sulphuret  of 
iron,  are  formed.  The  stratum  before  mentioned, 
contains  much  sulphate  of  iron  or  green  copperas  in 
solution.  I  suppose  that  the  carbon  in  the  animal 
matter  had  decomposed  the  sulphuric  acid  and  the 
oxide  of  iron,  and  that  the  sulphur  and  iron  in  their 
nascent  state  had  united,  and  formed  the  sulphuret 
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of  iron  or  pyrites.  I  was  led  to  tliis  conclusion  by 
reading  an  account  by  Mr.  Pepys,  oi"  some  mice 
having  by  accident  been  immersed  in  ajar  containing 
a  solution  of  sulpliate  of  iron :  how  long  they  had 
lain  there  was  unknown,  but  the  remains  were  partly 
covered  with  small  crystals  of  pyrites,  which  could 
only  have  been  formed  in  the  manner  above  sug- 
gested. The  stone  surrounding  the  organic  remains 
in  the  lias,  I  have  observed  to  be  Considerably  harder 
than  the  other  parts  of  tlie  same  stratum.  The 
organic  remains  of  zoophytes  and  shells  in  limestone 
strata  are  also  generally  harder  than  the  stone  in 
which  they  are  imbedded ;  and  on  this  account, 
when  the  stone  has  been  exposed  to  the  atmosphere 
a  long  time,  the  organic  remains  rise  above  the 
surface. 

Organic  remains  are  generally  coloured  by  the 
strata  in  which  they  are  imbedded ;  in  roe-stone, 
chalk,  and  the  upper  fresh-water  limestones,  they 
approach  to  a  yellowish  or  brownish  white ;  in  lias, 
bituminous  shale,  and  dark  limestone,  they  incline  to 
black;  and  the  shells  in  bituminous  shale  are  some- 
times tilled  with  bitumen  in  a  fluid  state.  In  the 
strata  above  chalk,  the  bones  and  shells  retain  their 
original  constituent  parts  very  little  changed ;  in 
chalk,  and  all  the  strata  under  chalk,  the  organic 
remains  are  more  or  less  completely  impregnated 
with  mineral  matter.  The  outer  crust  or  shell  of 
many  chalk  fossils  is  calcareous,  and  the  internal 
part  filled  with  flint.  In  some  cases  we  meet  with 
an  internal  cast  formed  in  the  cavity  of  a  crustaceous 
animal,  and  the  external  covering  has  disappeared : 
in  other  instances,  the  shell  or  crust  of  the  animal 
has  formed  a  mould  in  the  stone,  into  which  mineral 
matter  has  been  subsequently  infiltered,  and  has  tJms 
made  an  external  cast. 

It  is  particularly  deserving  attention,  that  some 
animal  remains  contain  the  most  delicate  fibres  and 
spines,  perfect  and  unbroken  :  this  proves  that  the 
mineral  matter  in  which  they  are  imbedded  was  de* 
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ited  in  a  finely  comminuted  state,  and  in  a 
tranquil  sea.  In  some  instances  the  most  delicate 
shells  are  regularly  arranged  in  the  same  position  in 
which  the  animals  lived  and  died,  while  the  animal 
remains  in  the  strata  ahove  or  below  them,  are  broken 
and  confusedly  aggregated  together.  The  most  re- 
markable  instance  of  this  kind  I  have  ever  observed, 
occurs  at  Westbury  ClitT,  on  the  northeni  bank  of 
the  river  Severn,  about  seven  miles  below  Gloucester. 
It  is  a  low  cliff,  nearly  perpendicular;  the  lower  part 
is  composed  of  what  is  generally  called  red  marlc, 
over  which  are  the  lower  beds  of  dark  argillaceous 
lestone  and  clay,  called  Has.  A  few  yards  above 
le  junction  of  the  lias  and  red  marie,  there  is  a  thin 
:um  of  dark  micaceous  sandstone,  entirely  filled 
:li  bones,  and  the  teeth  of  the  shark,  and  animals 
the  saurian  or  lizard  tribe,  broken  and  intermixed 
the  greatest  imaginable  disorder.  Near  the  upper 
Tt  of  the  cliff,  not  many  teet  above  the  stratum 
filled  with  bones,  there  is  a  thin  stratum  of  whitish 
argillaceous  limestone,  called  white  Has,  which  is  filled 
the  most  delicate  minute  bivalve  shells,  all  ar- 
iged  in  the  same  position,  without  any  intermixture 
:n  shells  of  other  species. 

It  is  facts  like  these  that  are  particularly  deserving 
e  attention  of  the  geologist,  as  they  mark  in  a 
iking  manner  the  convulsions  which  the  surface  of 
le  globe  has  at  different  periods  undergone. 
The  stratum  with  aggregated  bones  of  saurian 
animals  appears  again,  on  the  other  side  of  the 
Severn,  at  Aust  Passage,  where  the  junction  of  the 
lias  and  red  ground  may  be  also  observed ;  but  I 
could  not  discover  there  any  trace  of  the  white  lias 
bed  with  the  bivalves,  similar  to  those  at  Westbury 
ClifT. 

Some  of  the  more  delicately  constructed  animals, 
and  the  fish  whose  bodies  are  found  entire,  imbedded 
in  atone,  appear  to  have  been  instantaneously  de- 
3tro}'ed  and  enveloped  in  mineral  matter,  before  the 
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putrefactive  process  could  commence.*  The  process 
of  petrifaction  must  also,  in  some  instances,  have 
commenced  almost  immediately  after  the  death  of 
the  animal.  In  some  specimens  of  fossil  fish  from 
chalk,  in  the  museum  of  Mr.  Mantell  of  Lewes,  the 
air  bladder  is  uncompressed,  and  filled  with  mineral 
matter. 

In  tracing  the  different  animal  remains  that  occur 
in  the  lower,  the  middle,  and  the  upper  strata,  the 
circumstance  most  worthy  of  notice,  is  the  first  ap- 
pearance of  any  of  the  different  divisions  and  classes 
of  animals,  and  of  the  orders,  genera,  or  species  be- 
longing to  each  division.  In  the  luminous  arrange- 
ment of  Baron  Cuvier,  in  his  Regne  Animal^  all 
animals  are  distributed,  according  to  their  organis- 
ation, into  four  grand  divisions — Vertebrated^  Mo- 
lusconSj  Ariiculaledf  and  Radiated. 

1st,  Vertebrated.  —  Animals  which  have  a  skull, 
containing  the  brain,  and  a  spine  or  back  bone,  con- 
taining the  principal  trunk  of  the  nervous  system, 
commonly  called  the  spinal  marrow  :  they  have  red 
blood.  This  division  comprises  the  mammalia  (or 
animals  that  suckle  their  young),  birds,  reptiles,  and 
fishes. 

2d,  Moluscotis.  —  Animals  in  this  division  have  no 
internal  skeleton :  the  muscles  are  attached  to  the 
skin,  which,  in  many  species,  is  covered  with  a  shell. 
The  nervous  system  and  viscera  are  composed  of 
detached  masses,  united  by  nervous  filaments :  they 
possess  only  the  senses  of  feeling,  taste,  and  sight ; 
but  many  species  want  the  latter.  They  have  a 
complete  system  of  circulation,  and  particular  organs 
for  respiration.     Animals  with  bivalve,  univalve,  or 

*  In  the  Museum  at  the  Jardin  de  Plantes  in  Paris,  there  is  a 
large  specimen  of  two  fossil  fish,  which  are  supposed  to  have  been 
destroyed  and  covered  with  mineral  matter,  when  one  of  them  was 
in  the  very  act  of  swallowing  the  other ;  but  an  inspection  of  the 
specimen  inclined  me  to  infer,  that  the  two  heads  had  been  pressed 
together,  by  the  incumbent  weight  of  stone  deposited  upon  them. 
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with  chambered  shells,  belong  to  this  division ;  but 
many  moluscous  animals  have  no  shell. 

3d,  Articulated.  —  To  this  division  belong  worms, 
crustaceous  animals,  and  insects :  their  nervous  sys- 
tem consists  of  two  long  chords,  ranging  along  the 
body,  and  swelling  out  in  different  parts  into  gan- 
glions and  knots.  Worms  having  their  bodies  com- 
Eosed  of  rings,  are  called  annelides ;  they  have  red 
lood :  some  species  inhabit  a  calcareous  tube,  sup- 
posed to  be  formed  by  exudation. 

4th,  Radiated  —  comprises  all  the  animals  which 
were  by  former  naturalists  called  zoophytes,  or  animal 
plants,  as  the  corallines,  &c.  which  were  long  mistaken 
for  marine  vegetables.  In  animals  of  this  division, 
the  organs  of  sense  and  motion  are  disposed  circularly 
around  a  centre  or  axis.  They  have  no  distinctly 
marked  nervous  system,  and  the  traces  of  circulation 
in  many  species  can  scarcely  be  discerned.  Many  of 
the  animals  in  this  division  have  no  power  of  loco- 
motion, as  madrepores  and  encrinites.  Others,  as  the 
echinus,  possess  a  very  complex  organisation,  and  the 
power  of  moving  irom  place  to  place  on  their  spines, 
which  serve  them  for  feet. 

In  describing  the  order  in  which  the  organic  re- 
mains belonging  to  each  of  these  grand  divisions  are 
distributed  through  the  different  classes  of  rocks,  it 
will  be  more  convenient  to  begin  with  the  lowest. 

Radiated  Animals^  such  as  encrini  and  madrepores, 
have  left  their  remains  abundantly  dispersed  through 
rocks  of  the  transition  scries  :  many  of  the  strata 
appear  almost  entirely  composed  of  their  mineralised 
exuviae,  but  generally  in  a  broken  state.  The  chain 
coral  occurs  occasionally  in  transition  limestone. 
Other  genera  of  radiated  animals  occur  in  the  more 
recent  formations  of  limestone,  but  seldom  in  sufficient 
abundance  to  compose  nearly  the  whole  mass  of  a 
stratum.  This  is  the  more  remarkable,  as  coralline 
animals  are  forming  extensive  calcareous  rocks  in  our 
present  seas.  Some  genera  and  species  of  radiated 
animals  which  abound  in  transition  rocks,  have  not 
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left  their  remains  in  any  of  tiie  upper  strata  j  hence 
it  might  be  inferred  that  they  had  long  been  extinct. 
In  some  instances  the  inference  is  not  correct ;  the 
Madrepora  stylma,  so  common  in  transition  lime- 
stone, is  entirely  wanting  in  the  secondary  and 
tertiary  strata ;  but  a  living  animal  of  this  species 
has  recently  been  discovered  in  the  South  Seas.  The 
pentacrinus,  which  is  chiefly  distinguished  from  the 
encrLnus  by  its  pentagonal  stem  and  branches,  makes 
its  first  distinct  appearance  in  the  lias,  but  is  not 
frequently  met  with  in  the  upper  strata,  and  disap- 
pears entirely  in  the  uppermost  formations  :  hence  it 
was  long  supposed  that  the  species  was  extinct.  A 
living  pentacrinus  has  lately  been  discovered  in  the 
West  Indies,  and  its  stem  and  branches  in  a  perfect 
state  have  been  sent  to  this  country  ;  and  still  more 
recently  a  living  pentacrinus  was  tbund  in  the  Cove 
of  Cork. 

The  genus  echinus  make*  its  first  appearance  in 
the  midst  of  the  secondary  strata,  and  various  species 
are  continued  into  chalk,  which  abounds  with  re- 
mains of  this  animal  in  high  preservation.  It  may 
be  remarkeii,  that  scarcely  any  calcareous  stratum 
abounding  in  marine  organic  remains  has  been  ex- 
amined, in  which  remains  of  some  species  of  radiated 
animals  may  not  be  found. 

Articulated  Animals.  —  Some  species  of  wonna 
(annelides)  inhabiting  tubes,  have  left  their  remains 
in  the  upper  secondary,  and  tertiary  strata:  remains 
of  crustaceous  animals  (crabs,  &c.),  are  not  numerous 
in  the  upper  secondary  strata,  where  they  first  occur; 
but  they  are  more  common  in  chalk  and  the  tertiary 
beds  of  clay  covering  chalk.  One  of  the  very  first 
inhabitants  of  the  globe  appears  to  have  been  a  crus- 
taceous aquatic  animal,  called  in  England  the  Dudley 
fossil,  from  its  being  first  noticed  in  the  transition 
limestone  near  that  town.  Its  more  appropriate 
name  is  the  Trilobite,  from  the  three  parallel  lobes  or 
divisions  of  the  body,  with  ranges  of  transverse 
ventral  fins,  somewhat  similar  to  those  under  Uie  tail 
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of  a  lobster.  The  largest  species  are  found  in  the 
slate  quarries  at  'Angers,  in  France.  A  specimen  in 
my  possession,  from  that  place,  measures  seven  inches 
in  length  :  the  body  has  taken  the  flat  form  common 
to  almost  all  fossils  found  in  slate,  (See  Plate  5.)  it 
scarcely  rises  more  than  one  third  of  an  inch  above 
the  surface  of  the  slate ;  the  upper  slate  contains  the 
impression  or  mould  of  the  animal.  To  this  species 
Guettard  has  given  the  name  of  Ogyges^  from  its 
occurrence  among  the  most  ancient  rock  formations, 
that  contain  vestiges  of  organic  life. 

The  remains  of  winged  insects  have  sometimes 
been  found  in  the  upper  secondary  strata  in  England^ 
particularly  in  the  calcareous  slate  of  Stonesiield, 
Oxfordshire,  where  numerous  impressions  of  the 
elytra,  or  hard  cases  which  cover  the  wings,  of  cole- 
opterous insects  occur.  Professor  Buckland  very  in- 
geniously  conjectures  that  these  winged  insects  might 
serve  as  food  for  the  flying  lizards  (Pterodactyli)  that 
are  found  in  the  same  strata,  and  were  cotemj)orane- 
ous  with  them.  Of  all  the  four  grand  divisions  of 
the  animal  kingdom,  the  Articulated  has  supplied  the 
smallest  number  of  fossil  organic  remains. 

Molluscous  Animals.  —  Shells  of  these  animals, 
chiefly  bivalves,  occur  in  the  limestones  of  the  transi- 
tion series ;  but  the  number  of  the  species  is  compara- 
tively small.  Some  chambered  shells,  particularly 
orthoceratites,  are  found  in  transition  limestone. 

In  the  secondary  strata  that  cover  the  transition 
series,  shells  of  molluscous  animals,  both  bivalves  and 
univalves,  are  more  abundant,  and  the  number  of  the 
species  is  greatly  increased. 

It  is  in  the  lower  strata  of  this  series  that  cham- 
bered shells,  such  as  nautilites  and  ammonites,  first 
become  numerous:  some  s})ecies  are  continued  into 
the  chalk  strata,  but  no  ammonites  arc  found  in  the 
strata  above  chalk.  Trochifbrm  or  top-shaped  spiral 
univalve  shells  first  apj)ear  in  the  lower  part  of  the 
secondary  series,  but  become  more  numerous  in  the 
upper  part  of  this  series.    In  the  tertiary  strata  above 
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chalk,  the  species  of  univalve  shells  greatly  exceed 
that  of  the  bivalves :  in  the  lower  strata  the  reverse 
is  the  case.  We  may  further  remark,  that,  as  the 
tertiary  strata  are  the  most  recent  of  regular  rock 
formations,  so  the  organic  remains  which  they  contaiiit 
bear  a  closer  resemblance  to  the  shells  of  molluscous 
animals  living  in  our  present  seas,  than  what  are  found 
in  the  more  ancient  strata.  Some  of  the  shells  in  the 
upper  part  of  the  tertiary  strata  appear,  indeed,  to 
be  identical  with  those  of  existing  species. 

The  different  classes  and  orders  of  molluscous 
animals  that  have  left  their  remains  in  the  lower  and 
the  upper  strata,  doubtless  possessed  each  the  peculiar 
organisation  that  best  enabled  them  to  exist  and 
multiply  under  the  peculiar  condition  of  our  plaoel^ 
that  was  cotemporaneous  with  the  epoch  of  their 
creation.  When  this  condition  was  changed,  llieur 
numbers  were  diminished,  or  they  disappeared  en- 
tirely, and  were  succeeded  by  different  races,  with  an 
organisation  adapted  to  other  modes  of  existence 
and  to  the  new  circumstances  in  which  they  were 
placed.  Such  are  the  legitimate  inductions  we  a{>* 
pear  justified  in  making,  from  the  organic  remains  in 
the  different  strata.  The  further  consideration  of 
this  interesting  enquiry  will  be  resumed  in  the  suc- 
ceeding chapters. 

Vertebrated  Animals  are  arranged  under  four 
classes :  —  fishes,  reptiles,  birds,  and  mammiferous 
animals.  Remains  of  fishes  are  exceedingly  rare  in 
transition  rocks;  but  they  appear  decidedly  in  the 
lower  secondary  strata.  The  entire  bodies  are  some- 
times well  preserved ;  and  the  bones,  scales,  teeth, 
and  vertebrae  are  met  with  occasionally  in  almost  all 
the  strata  that  contain  fossil  shells,  whether  secondary 
or  tertiary.  Many  of  the  species  bear  a  close  re- 
semblance  to  species  at  present  existing,  either  in  the 
ocean  or  in  rivers. 

The  bones  and  entire  skeletons  of  reptiles  allied 
to  the  saurian  or  lizard  class  occur  in  the  lower  part 
of  the  secondary  strata,  and  are  very  abundant  in  a 


thbodoh  the  lower  and  upprr  rtrata.    3.^ 

dark  argillaceous  limestone  called  lia^  an<l  in  the 
beds  of  clay  tliat  are  over  it.  Thesie  animals  are 
many  of  them  different  from  any  known  existing 
genera :  Uiey  were  inhabitant*  of  the  wean,  and 
fumished  with  paddles  instead  of  feeU*  In  the 
tipper  secondary  strata,  between  the  lias  and  chalk, 
the  remains  of  other  stnurian  aiiimalH,  ctoHely  allied 
to  living  species  of  crocodiles  and  lizards,  are  fully 
developed :  they  had  (ect,  and  were  evidently  am- 
phibious. Of  the  saurian  animals  in  tliis  series,  that 
called  the  i{5;iianodon,  discovered  by  Mr.  Mantell, 
near  Cucktield,  in  Sussex,  is  the  most  remarkable  (or 
its  size ;  the  length  exceeding  eighty  feet,  and  the 
thickness  of  the  body  being  equal  to  that  of  tlio 
elephanL  It  is  supposed  to  have  been  herbivorous. 
It  closely  resembles  in  structure  the  iguana,  a  native 
of  America  and  the  West  Indies. 

The  fossil  remains  of  birds  arc  so  rare,  that  their 
occurrence  in  any  of  the  regular  strata  was  long  con. 
sidcrcd  doubtful.  The  bones  I'eccntly  discovered  in 
some  of  the  Knglish  secondary-  strata,  supposed  at 
firet  to  be  those  of  birds,  belong  to  siweies  of  flying 
Kzanls.  Bones  of  birds  are,  however,  found  in  some 
of  the  tertiary  strata,  particularly  in  tlie  gypsum  near 
Paris. 


*  The  idithyosaurug,  or  fish  ILtard,  had  on  organ  inn  (ion  interme- 
diate bctweea  that  of  a  lizard  and  a  fish :  iu  puddles  vrvte  long, 
broai,  and  Hot,  to  enable  it  to  movt^  rapidljr  tlirougli  tUc  water: 
tJie  orbiu  of  the  eye*  are  enorttionsly  lar^e.  Four  species  have 
been  ascertained ;  some  arc  of  immense  size.  The  Plcf ioBaurug^ 
another  genus  more  nearly  approaching  the  organisation  of  the 
lixanl,  is  distinguished  irom  all  oviparous  quadrupeds  by  the  fotin  of 
its  neck,  whicli  is  lunger  than  its  boity,  and  is  composed  of  no  less 
th«n  thirty  rertebra;,  exceeding  in  number  those  in  the  neck  of  the 
Ewan.  This  animal  is  supposed  to  have  swam  on  the  water,  with 
Its  neck  arched  to  dart  on  its  prey.  The  Testudo  JiroT,  living  in 
the  rivers  in  tlorida,  is  somewtuit  similarly  constructed :  it  hides 
itself  in  reeds,  and  darts  out  its  head  suddenly,  to  seise  birds  and 
other  aDinmlE.  There  are  live  species  of  the  PlL'siosnurus,  tunic 
of  them  were  more  than  twenty  ft-et  long.  Remains  of  flying 
hzards  have  been  discovered  in  a  fossil  state  in  Gvrmany,  and  very 
j_receaiiy  in  Oxfordshire  an<l  Dorsetshire, 
u  'i 


36  DISTRIBUTION    OF    ORGANIC   REMAUiS 

Vertebratcd  animals  of  the  highest  class,  the  mam-* 
tnalia,  occur  in  the  tertiary  strata,  and  in  ancient 
beds  of  gravel  and  clay.  Cetaceous  animals,  allied 
to  the  whale  and  seal,  have  been  found  in  some  of 
the  tertiary  strata;  but  they  are  by  no  means  common* 
The  bones  of  herbivorous  land  quadrupeds  occur  in 
the  upper  part  of  the  tertiary  beds,  or  what  may  be 
regarded  as  the  latest  geological  formations:  they 
ai'e  more  frequently  found  in  beds  of  clay  and  gravel 
than  in  the  solid  strata.  Cuvier  has  ascertained  the 
existence  of  fossil  bones  belonging  to  about  seventy, 
species  of  mammiferous  quadrupeds,  in  the  tertiary 
strata  near  Paris,  Nearly  forty  of  these  are  of  extinct 
species,  and  several  of  them  belong  to  extinct  genenu 
A  very  considerable  number  of  the  large  fossil  bonet. 
belong  to  the  diflFerent  genera  and  species  of  the 
order  named  by  Cuvier  Pachydermata^  or  thicker 
skinned  non-ruminant  animals ;  as  the  elephant,  the 
mastodon,  the  tapir,  the  hippopotamus,  the  rhinoceros,, 
and  the  palaeotherium.  .  As  these  bones  are  very. 
abundantly  found  in  many  countries  in  northern. 
Europe,  the  fact  proves  either  that  the  animals  were 
natives  of  cold  and  temperate  climes,  or  that  the. 
temperature  of  the  earth  has  decreased.  The  entire 
body  of  an  elephant  embedded  in  ice,  in  Siberia,  was 
found  in  the  year  1799.  Its  skin  was  covered  with 
two  kinds  of  coarse  hair  and  a  soft  fur  beneath,  which 
affords  almost  certain  proof  that  the  animal  was  aii' 
inhabitant  of  a  cold  climate,  or  at  least  of  one  in 
which  the  winters  were  severe.  A  similar  defence 
against  cold  is  provided  for  terrestrial  quadrupeds 
that  inhabit  cold  countries,  but  is  never  observed  in 
tropical  climates,  except  in  mountainous  regions  that 
have  a  low  temperature.  The  author's  attention  was 
directed  to  this  subject  many  years  since ;  and  in  his 
"  Observations  on  the  Effect  of*  Soil  and  Climate  on 
fVool^*  he  has  stated  instances  of  English  long* 
wooUed  sheep  casting  their  fleece  in  hot  climates, 
and  being  clothed  with  short  coarse  hair  like  bristles. 
"bishop  Heber,  in  his  travels  in  the  Himalayan  moun- 
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tains,  mentions  a  species  of  elephant  which  he  saw 
there,  not  larger  than  an  ox,  and  "  as  shaggy  as  a 

Eoodle.**  He  further  states,  "  that  English  dogs, 
rought  to  those  mountains,  in  a  winter  or  two 
acquire  the  same  short  fine  shawl  wool,  mixed  with 
their  own  hair,  which  distinguishes  the  indigenous 
animals  of  the  country :  the  same  is  in  a  considerahie 
degree  the  case  with  horses."  The  fossil  elephant  that 
was  once  a  native  of  Europe,  according  to  (Juvier, 
differed  as  much  from  the  Asiatic  or  the  African 
elephant,  as  the  horse  differs  from  the  ass.  liones 
and  teeth  of  extinct  species  of  carnivorous  quadni- 
peds  most  frequent  are  found  in  caverns,  intermixed 
with  bones  of  herbivorous  animals,  in  a  broken  state. 
Since  the  time  that  these  bones  have  been  examined 
by  naturalists  who  have  attended  to  comparative 
anatomy,  no  vestiges  of  human  remains  have  been 
discovered ;  nor  have  any  of  the  bones  of  the  animals 
which  approach  nearest  to  man  in  structure,  the 
Quadrumanes  or  monkeys,  been  yet  found  with  those 
of  die  more  ancient  inhabitants  of  the  globe.  The 
vast  diluvial  beds  of  gravel  and  clay,  and  the  upper 
strata  in  Asia*,  have,  however,  not  yet  been  scienti- 
fically explored ;  and  both  sacred  and  profane  writers 
agree  in  regarding  the  tem}>crate  regions  of  that 
continent,  as  the  cradle  of  the  human  race,  t 

Vegetable  Petrifactions. — The  remains  of  vegetables 
found  in  different  strata  afford  interesting  inform- 
ation  respecting  the  ancient  condition  of  our  planet, 

•  In  the  diluvium  near  tlic  river  Irrawaddy,  in  Ava,  Mr.  Craw- 
ford has  recently  discovered  numerous  bones  and  teeth  of  two 
new  species  o^  mastodon,  intermixed  with  bones  of  the  rhinoeerou 
and  hippopotamus.     The  bones  are  penetrated  with  iron. 

f  It  has  been  conjectured,  that  the  bones  of  man  are  more 
fragile  and  perishable  than  those  of  land  (jiiadrupeds  ;  but  this  is 
contrary  to  experience  :  for  it  has  been  well  ob.served  by  Cuvier, 
tliat  the  bones  of  men,  left  on  the  field  of  battle  with  those  of 
horses,  are  as  well  pre8cr\'e(I  as  the  latter,  making  allowance  for  the 
difference  of  size.  Neither  is  there  any  essential  difference  in  the 
chemical  constituent  jwirts  of  human  bone   from   those  oi  other 
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which  we  could  not  have  obtained  from  animftl 
remains  alone.  The  animal  remains  found  in  the 
transition  rocks  are  almost  exclusively  marine ; 
hence  we  could  not  have  inferred,  from  these  remains 
alone,  that  any  portion  of  the  globe  was  dry  land 
when  these  rocks  were  deposited.  In  some  of.  tiie 
slate  rocks,  however,  a  few  remains  of  terrestrial 
plants,  analogous  to  ferns,  occasionally  occur,  whiob 
indicate  the  existence  of  islands  oc  tracts  of  land  at 
that  remote  epoch.  In  the  strata  of  sandstone  and 
shale,  which  alternate  with  coal  and  cover  transition 
rocks  of  marine  origin,  the  remains  of  terrestrial 
vegetables  are  abundantly  distributed,  and  those  of 
marine  animals  disappear  entirely  in  most  of  the 
beds :  the  part  formerly  covered  by  the  sea  had, 
therefore,  become  dry  land,  with  rivers,  lakes,  and 
marshes,  on  which  the  plants  had  grown,  or  were 
deposited.  Again,  at  a  subsequent  period,  the  dry 
land  and  its  vegetation  became  buried  under  a  deep 
ocean,  that  deposited  numerous  calcareous  beds^ 
filled  with  shells  and  remains  of  marine  animals,  but 
occasionally  containing  a  few  broken  fossil  stems  of 
terrestrial  plants,  which  had  probably  been  carried 
into  the  ocean  by  the  rivers  of  distant  countries.  In 
the  upper  strata,  the  alternation  of  marine  and  fresh 
water  formations  are\iistinct  and  frequent. 

Now  it  appears  that  a  progression  from  simple  to 
more  complex,  or,  in  other  words,  from  less  perfect 
to  more  perfect  forms,  takes  place  in  the  vegetable  as 


animals  of  the  class  mammalia.    Dry  bones,  according  to  Beizeliiis, 
contain  as  under :  — 

Human 
Bones. 
Cartilage        -        -        -     33 
Phosphate  of  lime            -     51 
Carbonate  of  lime            -     11*5 
Fluate  of  lime        -         -       2 

Human           Ox            Ox 
Teeth.           Bones.     Tcdii. 
_              33              3-5 
85-3             55          81 

8                ^            T        > 
3-2              3            4j 

Phosphate  of  magnesia    -       1  '2 
Soda  and  muriate  of  soda       1*3 

1-5              ^            ^ 
2                  ^            ^ 
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In  tracing  the  distribution  of  vegetables  through 
the  different  classes  of  rock,  we  shall  find  only  the 
lowest  or  simplest  fonns  of  organisation,  in  the  most 
ancient  fonnation. 

1.  Traosition  slate  contains  occasionally  imprea- 

sions  of  algae  or  sea  weed ;  but,  considering 

the   frail  texture  of  the  cellular  plants^  we 

cannot  expect  the  forms  to  be  well  or  adbun- 

dantly  preserved  in  rocks,  which  have  pro- 

bably   been   subjected  to  heat  and  various 

disturbing  agents*     A  few  fronds  or  leaves  of 

ferns  have  been  found  in  some  rocks  of  this 

class. 

r2.  Coal-measures  abound  in  vegetable  remains  of 

the  firs^  or  lowest  class  of  vascular  plants. 

Gigantic  terns,  large  equisetums  (horse  tail)» 

and  lycopodia  are  of  frequent  occurrence. 

Palms  and  canes  are  more  rare« 

3  The    secondary-  strata  are  principally  marine 

formations;  but  tlie  beds  of  sandstone  and 

clay  frequently  contain  vegetable  remains  of 

plants    of  the  second  class  (ferns  and  lyco- 

{vxlia,  &C,),  but  of  different  species  to  those 

found  in  the  regular  coal  measures.     In  part 

of  this  series  occur  fossil  remains  of  the  tliird 

ch\ss  conitbnv   and  cycas.      In  the  marine 

strata   aa^   occasionallv   found   broken  fossil 

stonus  but  the  vegetable  fassil  remains  appro^ 

priato  to  them  are  of  alga?  or  sea  weed.   Plants 

of  the  fourth  class   sometimes  occur  in  the 

upper  socondar}*  strata. 

•i.  Tertiary  strata  contain  Ibssil  plants  of  the  more 

norfoot  classes,  which  are  rarely  if  ever  found 

ui  the  secondarv  strata.     Some  of  the  most 

rociMit  tertiary  beds  contain  remains  of  trees 

analogous  to  what  now  flourish  in  Europe. 

The  above  brief  outline  may  be  taken  as  a  near 

anproximution  to  the  distribution   of  the  different 

CiassoM  ol'  fossil  vegetables.     The  instances  of  trees 

or  plants  oC  the  highest   class  found  in  coal    are 
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doubtful ;  for  stems  of  large  lycopodia  divided  into 
two  branches  at  the  top,  have  not  unfrequently 
been  mistaken  ibr  trees  that  have  the  true  woody 
structure.  ' 

The  progressive  developement  and  succession  of 
more  perfect  forms,  as  we  ascend  from  the  ancient  to 
the  most  recent  strata,  appears  confirmed  bv  the 
fossil  remains  both  of  animals  and  vegetables.  These 
remains  afibrd  a  mass  of  positive  concurrent  evidence 
that  cannot  be  refuted  by  negative  arguments.  We 
are  told  that  the  bed  of  the  sea  has  not  been  dredged, 
to  discover  what  species  of  animals  have  existed  in 
former  ages.  The  geologist  can  have  no  need  of 
such  an  operation.  If  the  bottom  of  the  sea  has  not 
been  dredged  it  has  been  laid  bare,  and  is  now 
exposed  over  an  extent  equal  to  that  of  the  habitable 
globe.  For  every  island  and  continent  has  formed 
part  of  an  ancient  bed  of  the  ocean,  and  that  not 
only  once,  but  repeatedly  and  at  distant  epochs. 
This  extended  surface  of  the  bed  of  the  ancient 
ocean,  is  exposed  to  the  examination  of  thousands  of 
observers  in  every  degree  of  latitude,  not  covered  by 
pclaT  snows.  These  examinations  have  hitherto 
confirmed  the  position  (taken  with  certain  limit- 
ations) that  a  progressive  developement  of  more 
perfect  organic  forms,  both  in  the  animal  and  the 
vegetable  kingdoms,  may  be  traced  from  the  most 
ancient  rocks  in  which  these  remains  appear,  through 
the  different  classes  of  rock,  until  we  ascend  to  the 
most  recent,  which  contain  remains  of  animals  ana- 
logous to  existing  si)ccies.  All  or  nearly  all  the 
instances  that  have  been  cited  of  animals  of  the 
higher  classes  being  found  in  ancient  strata  have 
proved,  on  further  examination,  to  be  fallacious ;  yet 
when  we  consider  what  disturbiiiLj  causes  have  acted 
on  the  crust  of  the  globe,  it  need  not  appear  surprising 
if  recent  species  of  animals  should  sometimes  he 
found  buried  in  the  lower  rocks :  this,  however, 
would  not  aflcct  the  present  question.  The  subject 
will  be  referred  to  in  a  subsequent  chapter. 
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In  fossil  vegetables,  the  original  vegetable  matter 
is  often  so  completely  removed,  that  no  trace  of 
it  is  visible,  and  the  stem  appears  converted  into 
ironstone,  sandstone,  or  chert.  In  some  instances 
the  surface  of  the  stem  is  black  and  carbonaceous, 
and  all  the  inner  part  is  mineralised.  Sometimes, 
even  when  the  stem  is  completely  silicified,  the 
vegetable  organisation  is  stiil  perceptible,  and  some 
traces  of  the  vegetable  principles  may  be -obtained 
by  distillation. 

As  most  of  the  vegetable  remains  found  both  in 
the  secondary  and  tertiary  strata  are  analogous  to 
the  plants  of  tropical  climates,  it  has  been  inferred 
that  the  temperature  of  the  globe  was  once  con- 
siderably higher  than  at  present.  It  cannot  be  denied 
that  there  are  many  geological  phenomena  which 
strongly  favour  this  conclusion :  there  are,  however, 
some  striking  facts  which  seem  opposed  to  it.  The 
consideration  of  this  question  will,  therefore,  be  r^ 
sumed  in  another  part  of  the  present  volume. 

Observations. 

The  author  has  attempted,  in  this  chapter,  to  give  a  succinct 
account  of  the  geological  distribution  of  fossil  organic  remains 
belonging  to  the  animal  and  vegetable  kingdoms.  This,  he 
conceives,  will  interest  the  learner,  for  whose  use  it  was  chiefly 
intended,  more  than  a  detailed  enumeration  of  the  genera  or  species 
supposed  to  be  peculiar  to  different  rock  formations.  With  respect 
to  fossil  concholog}',  he  is  inclined  to  believe,  that  the  attempt  to 
identify  the  strata  of  distant  countries  by  the  isolated  occurrence 
of  any  particular  species  of  shell,  has  l)een  carried  farther  than  a 
sound  induction  from  facts  or  analogy  would  warrant.  His  opinioQ 
on  this  subject,  given  in  the  second  edition  of  this  work,  he  will  here 
insert :  —  "It  may  be  doubted  whether  the  occurrence  of  similar 
organic  remains  is  sufficient  to  identify  strata  in  distant  parts  of  the 
globe ;  for  could  we  admit  that  strata  are  universal  formations,  and 
extended  from  the  frozen  to  the  torrid  zone,  it  seems  more  than 
probable,  that  the  animals  which  lived  on  any  one  particular  stra- 
tum would  be  of  very  different  species  in  different  latitudes."  — 
We  know  so  little  respecting  the  forms  or  habits  of  the  animals 
classed  by  the  conchologist,  that  we  are  far  from  certain  whether 
many  shells  which  he  regards  as  belonging  to  different  species,  or 
even  genera,  are  not  mere  varieties  of  form,  occasicMied  by  dif- 
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fo^nce  of  age  or  situation.     Such  a  diange  is  ascertaiDed  to  take 
place  by  age  in  shells  of  the  genus  C^prtuu 

In  animals  like  the  mollusca,  which  have  no  internal  skeleton  to 
determine  their  form,  the  construction  of  the  external  shell  may 
probably  admit  of  considerable  variation  under  a  change  of  circum- 
stances. Few  conchologists,  excepting  M.  D'Avilla,  have  made 
accurate  observations  on  the  living  animals  inhabiting  oceanic 
shells.  His  interesting  work,  entitled  <<  L*Hi$toire  NatureUe 
Mmireie  dcm$  une  de  set  parties  prineipalesy  la  Conchologie;  ei 
astffmemUe  de  la  Zoomorphase^  au  JR^presentatum  des  Aninuna  d 
eoquiUeSt  avee  leurs  Explications"  —  presents  us  with  some  truly 
extraordinary  forms  of  molluscous  animals,  of  which  we  could  not 
have  had  a  remote  notion  from  the  mere  study  of  the  shell. 

In  strata  belonging  to  one  formation,  and  in  adjacent  districts, 
the  existence  of  certain  shells,  whether  we  regard  them  as  dis- 
tinct species  or  as  varieties,  may  be  of  use  in  identifying  any  par- 
ticular bed :  —  and  in  distant  countries  where  we  find  the  same 
remarkable  species  of  shell  associated  with  any  other  remarkable 
species  in  considerable  numbers,  it  may  serve  to  indentify  a  parti- 
cular rock  formation,  where  the  mineral  character  of  the  rock  may 
be  very  different  from  that  in  which  the  observer  has  been  accus- 
tomed to  meet  with  them.  The  occurrence  of  a  considerable 
number  of  gryphaese,  the  Gryphcea  arcuatay  in  a  bed  of  blue  clay  in 
the  mountains  round  the  Lake  of  Annecy,  in  Savoy,  served  the 
author  as  a  key  to  discover  to  what  formation  the  calcareous  strata 
belonged,  when  their  mineral  characters  would  have  indicated  a 
more  ancient  series. 

Vegetable  organic  remains  have  not  till  recently  been  studied 
with  the  attention  they  deserve  and  require.  —  These  remains  are 
never  found  entire,  as  is  frequently  the  case  with  the  skeletons  and 
exuvise  of  animals :  they  cannot,  therefore,  be  satisfactorily  studied 
in  cabinet  collections.  Were  any  botanist  well  acquainted  with 
vegetable  physiology  to  devote  some  time  to  exploring  the  vege- 
table remains,  as  they  are  abundantly  brought  up  by  our  coal- 
miners,  they  might  have  the  opportunity  of  re-constructing  many 
entire  species  from  the  fragments ;  but,  in  order  to  form  a  geological 
classification  of  fossil  plants,  a  practical  acquaintance  with  all  the 
secondary  strata  is  further  required.  The  attempt  of  M.  Adolphe 
Brongniart  to  give  a  geological  classification  of  the  families  of 
plants  peculiar  to  each  principal  formation,  is  entitled  to  high  com- 
mendation, as  the  nearest  approximation  to  a  correct  arrangement 
of  fossil  plants  that  has  yet  been  made.  See  his  "  Histoire  des 
Vegitaux fossiks"  and  his  "  Prodomed'xm  Histoirc  des  Vegetaux 
fossiles.'* 
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CHAR  III. 

ON  THE  MNERAL  SUBSTANCES  THAT  COMPOSE 
THE  CRUST  OF  THE  GLOBE ;  AND  ON  THE  STRUC- 
TURE  OF  ROCKS. 

The  constituent  Elements  of  the  simple  Minends  that  coippo<e 
Rocks.  —  The  physical  Characters  of  simple  Minerals  composing 
Rocks.  —  Explanation  of  the  Terms  employed  in  describing  the 
internal  Structure  of  Rocks^  and  the  external  StnictHre  of 
Mountain  Masses.  —  Sedimentary  Depositions. 

The  most  careless  observer  can  scarcely  fail  to 
notice^  that  the  mineral  substances  which  occur  on 
the  surface  of  the  globe  differ  from  each  other  in 
density^  hardness,  colour,  and  other  sensible  qualities. 
Indeed,  the  different  varieties  of  stone  appear  at  first 
so  numerous,  as  to  render  it  difficult  to  become 
acquainted  with  them :  but,  however  numerous 
these  varieties  may  be  thought,  the  simple  minerals 
which  compose  rocks  or  strata  are  very  tew,  and  the 
elementary  substances  of  which  each  of  these  roine^ 
rals  is  formed  are  still  fewer.  ♦ 

The   elementary   substances   of  which   the   solid 
matter  of  our  globe  is  composed,  are  the  EarthSy  — 

*  The  mineralogist  and  the  geologist  consider  those  minerals  as 
simple  and  homogeneous,  which  present  no  difference  of  qualities 
to  our  senses  throughout  the  mass,  although  the  chemist  may  dis- 
cover that  such  minerals  are  composed  of  two  or  more  elementary 
substances.  Thus,  limestone  or  marble  is  regarded  as  a  simple 
substance,  though  chemistry  has  discovered  that  it  contains,  in 
every  100  parts,  lime  57  parts,  and  carbonic  acid  43.  It  is  the 
latter  which  is  expelled  from  it  by  burning  ;  a  process  which  is 
well  known  to  make  the  stone  lighter,  and  to  render  it  caustic ;  in 
which  state  it  is  called  quicklime.  Nor  do  die  researches  of  the 
chemist  end  here  :  the  two  substances,  quicklime  or  pure  lime,  and 
carbonic  acid,  are  themselves  compounds :  the  former,  lime,  is 
a  compound  of  a  metallic  substance  called  calcium,  united  with 
oxygen  ;  the  latter,  or  carbonic  acid,  is  composed  of  oxygen  and 
carbon  or  charcoal. 
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sileJT,  altitninef  lime  and  magnesia.  The  Metals^  ^^ 
iron  and  manganese.  The  Inflammable  Principles^  — 
carbon  and  sulphur  ;  and  the  Alkalies^ — potash  and 
506^^.  —  Muriatic  and  Phosphoric  Acid  occur  also  in 
the  mineral  kingdom.  The  newly  discovered  earths 
and  alkalies,  and  metallic  ores  cannot  be  regarded  as 
forming  essential  constituent  parts  of  rocks:  they 
chiefly  occur  in  veins.  The  four  earths  above  enumer- 
ated, together  with  iron,  compose  nineteen  parts  in 
twenty  of  the  known  solid  matter  of  the  globe.  The 
Earths,  when  pure,  are  infusible,  except  at  an  intense 
heat;  they  are  nearly  insoluble  in  water  at  the 
common  temperature :  when  pure,  they  are  white  or 
colourless.  Though  the  earths  are  infusible  when 
pure,  if  they  are  combined  in  certain  proportions, 
they  may  be  fused  with  facility  at  a  comparatively 
low  temperature. 

SileJtf  or  Siliceous  Earthy  exists  nearly  pure  in 
large  masses,  forming  minerals,  and  even  entire 
rocks,  as  rock  crystal,  quartz  rock,  and  flint :  it  com- 
municates a  great  degree  of  hardness  to  all  rocks 
or  stones  in  which  it  enters  in  a  large  proportion. 
Such  stones  are  denominated  Siliceous:  they  resist 
the  point  of  a  knife,  or  scratch  glass.  In  its  com- 
binations with  other  earths,  Silex  appears  to  act  as 
an  acid.  More  than  one  half  of  the  crust  of  the 
globe  is  composed  of  siliceous  earth  either  pure  or 
combined.  In  some  thermal  waters,  siliceous  earth 
occurs  either  in  a  state  of  minute  division  or  in  solu- 
tion ;  and  the  waters  of  the  boiling  springs,  or  geysers, 
in  Iceland,  deposit  siliceous  incrustations  of  consi- 
derable thickness. 

Aktmine^  pure  argillaceous  Earth,  (Lat.  argi/la, 
Ft.  argille^)  is  a  substance  which  in  a  mixed  state 
is  well  known,  but  pure  unmixed  clay  is  one  of  the 
rarest  substances  in  the  mineral  kingdom.  This 
earth  is  sofl,  smooth,  and  unctuous  to  the  touch ;  it 
strongly  absorbs  water;  where  it  exists  in  the  pro- 
portion of  thirty  per  cent,  it  communicates  in  some 
degree  these  properties :  such  rocks  are  called  argil- 
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laceous  ;  they  generally  contain  a  notable  portion  of 
iron,  which  appears  to  have  a  greater  affinity  for  this 
earth  than  for  any  other.* 

Lime  (Lat.  caUcj  Fn  chauoc)  is  a  well-known 
earth  combined  with  carbonic  acid,  in  which  state  it 
forms  limestone,  marble,  and  chalk  :  these  only  differ 
from  each  other  by  different  degrees  of  hardness  or 
of  crystallisation.  Mountains  composed  of  lime  are 
denominated  calcareous.  When  lime  is  united  with 
sulphuric  acid,  it  forms  the  stone  called  gypsum, 
which  is  softer  than  limestone,  and  does  not,  like  it, 
effervesce  with  acids.  Calcareous  earth  mixed  with 
common  clay  forms  marl. 

Magnesia  has  rarely  been  found  pure  in  a  native 
state.  It  enters  into  the  composition  of  some  of  the 
primary  rocks,  to  which  it  generally  communicates  it 
soapy  feel,  a  striated  or  striped  texture,  and  some- 
times a  greenish  colour.  It  occurs  also  in  various 
limestones  in  different  proportions. 

Iron  appears  to  be  more  abundant  than  magne^n 
earth  :  it  forms  a  constituent  part  of  numerous  rocks 
and  stones ;  to  it  they  most  frequently  owe  their  co  - 
lour :  the  earths,  when  pure,  are  white.  Iron,  when  in 
combination  with  the  earths,  is,  like  them,  an  oxide, 
or  a  metal  united  with  oxygen.  To  the  presence  oJF 
iron  the  increase  of  specific  gravity  in  all  stones  or 
earthy  minerals  may  be  attributed,  if  it  much  ex- 
ceed 2 '5,  or  approach  3  :  in  other  words,  if  they  are 


*  Though  alumine  or  pure  clay  communicates  a  soil  quality  to 
most  stones  of  which  it  forms  a  principal  constituent  part,  a  very 
remarkable  exception  to  this  is  offered  in  adamantine  spar  and  the 
sapphire,  which  nearly  equal  the  diamond  in  hardness.  Klaproth, 
one  of  the  most  laborious  and  eminent  chemists  of  the  present  age, 
has  analysed  these  stones :  the  former  contains  90  parts  in  the  100 
of  pure  clay ;  the  latter  95  parts  in  the  same  quantity.  "  What  a 
high  degree  of  cohesive  power  (he  observes)  must  nature  com- 
mand, to  be  able  to  transform  such  a  common  substance  as  clay 
(aluminous  earth)  into  a  body  so  eminently  distinguished  and  en- 
nobled as  the  sapphire  by  its  hardness,  brilliancy,  and  its  resistance 
to  the  action  of  fire,  of  acids,  or  the  effects  of  all-destroying  time  1  ** 
•—  Klaprot^is  Essays. 
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nearly  three  times  heavier  than  an  equal  bulk  oi  wa- 
ter. Gems  and  the  earths  barytes  and  strontian  are 
exceptions ;  but  these  never  form  entire  rocks.  The 
presence  of  iron  not  only  increases  the  weight,  and 
darkens  the  colour  of  numerous  rocks  and  stones, 
but  is  one  principal  means  of  tlieir  decomposition, 
for  iron  exists  in  stones  in  two  states  of  oxygenation, 
as  the  black  or  the  red  oxide ;  and  when  the  former 
is  exposed  to  air  and  moisture,  it  absorbs  a  greater 
portion  of  oxygen,  and  is  conveitcd  into  a  brown 
ochrey  incrustation,  which  peels  off,  and  exposes  a 
fresh  surface  of  the  stone  to  a  similar  process. 

Manganese^  in  a  state  of  oxide,  occurs  in  a  few 
rocks,  to  which  it  generally  communicates  a  dull 
reddish  colour  inclining  to  purple,  and  a  peculiarly 
dry  and  bumt^like  appearance. 

Stilpkur^  though  found  in  considerable  masses,  can- 
not by  itself  be  regarded  as  a  constituent  part  of 
rocks ;  but  when  it  is  combined  with  oxygen  forming 
sulphuric  acid,  it  unites  with  lime,  and  forms  the  well- 
known  mineral  gypsum  or  plaster  stone. 

Carbon^  or  Charcoal^  cntei*s  as  a  constituent  part 
into  many  of  the  slate  rocks,  to  which  it  generally 
communicates  a  dark  colour:  it  forms  also  regular 
beds  of  considerable  thickness,  being  the  principal 
constituent  part  of  coal.  Carbon,  combined  with 
oxygen,  forms  carbonic  acid  or  fixed  air,  which  is 
combined  and  solidified  in  all  limestone  rocks  in  a 
proportion  exceeding  two  fifths  of  the  whole  weight. 
As  carbon  exists  in  such  a  large  proportion  in  even 
the  oldest  limestones,  we  may  regard  it  as  a  consti- 
tuent element,  and  not  as  a  substince  derived  from 
the  vegetable  kingdom.  For  whence  did  the  vege- 
tables themselves  derive  thuir  carbon  ? 

Potass  and  Soda.  —  These  alkalies  occur  in  mine- 
rals which  compose  parts  both  of  primary  and  vol- 
canic rocks;  but  the  proportion  is  so  small,  that  they 
would  scarcely  deserve  the  attention  of  the  geologist, 
did  not  the  latter  alkali,  soda,  exist  in  such  abundance 
in  the  waters  of  the  ocean  and  in  rock  salt.    Pure  sea 
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salt,  or  rock  salt,  contains  nearly  53^  parts  of  soda, 
464  muriatic  acid  or  chlorine.  .  . 

Muriatic  acidf  combined  with  soda,  is  the  only  stale- 
in  which  this  acid  forms  a  constituent  part  of  any 
rocks  we  are  yet  acquainted  with ;  except  in  some 
volcanic  rocks,  where  it  may  be  regarded  as  acci- 
dental. 

Phosphoric  Acidy  combined  with  calcareous  earthf  - 
is  a  principal  constituent  of  animal  bones :  it  occurs. 
also  in  a  few  limestone  beds,  which  are  supposed  to 
have  derived  phosphoric  acid  from  the  decompoBitioii  - 
of  animal  matter.  This  acid  is  of  very  rare  occumenoe ) 
in  the  mineral  kingdom. 

The  above  elementary  substances,  either  separatelvi. 
or  combined,  form  ail  the  simple  minerals  of  wbid^  • 
rocks  are  composed.  A  knowledge  of  these  minerals^  i 
and  their  different  intermixtures  and  combinations^ . 
can  only  be  learned  by  an  examintion  of  specimens  3 
they  are,  however,  far  from  being  numerous^  and  a 
short  description  of  each  is  necessary  in  an  introduc* 
tory  treatise. 

The  most  important  simple  minerals  composing 
rocks  are  quartz,  felspar,  mica,  talc,  chlorite,  bora* 
blende,  serpentine,  limestone,  and  slate. 

Quartz  is  one  of  the  hardest  minerals  of  which 
mountain  masses  are  composed :  it  gives  plentiful 
sparks  with  steel ;  it  breaks  with  a  smart  stroke  of  the 
hammer;  the  surface  of  the  fracture  in  crystallised 
quartz  is  conchoidal,  in  uncrystallised  splintery : 
the  lustre  is  vitreous.  Crystals  of  quartz,  or  rock 
crystals,  as  they  are  commonly  denominated,  have 
different  degrees  of  transparency :  the  blue  varieties 
are  amethysts.  The  most  common  forms  of  the  crys- 
tals are  six-sided  prisms  terminated  by  six-siaed 
pyramids  ;  or,  two  six-sided  pyramids  united,  forming 
a  dodecahedron,  whose  faces  are  isosceles  triangles. 
Uncrystallised  quartz  is  seldom  transparent,  most 
frequently  translucent,  but  sometimes  opaque.  Its 
colours  are  various  shades  of  white,  grey,  brown, 
yellow,  red,  and  green.     It  yields  a  phosphorescent 
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light  and  peculiar  odour  when  rubbed.  Quartz  is 
composed  of  siliceous  earth,  combined  with  a  very 
small  portion  of  alumine.  It  is  infusible  when  un- 
mixed, but  with  alkalies  it  melts  easily,  and  forms 
the  well-known  substance  called  glass.  It  is  not 
acted  upon  by  any  acid  except  the  fluoric.  Quartz 
exists  in  veins  intersecting  mountains,  and  it  some^ 
times  forms  large  beds,  and  even  entire  mountains, 
which  are  composed  of  this  mineral  in  grains  united 
without  a  cement,  called  granular  quartz.  Fragments 
or  crystals  of  quartz  are  common  in  compoundrocks. 
Grains  of  quartz  form  a  principal  constituent  part  of 
most  sandstones.  The  milkwhite  pebbles  in  gravel 
are  composed  of  quartz.  Flint,  chert  or  homstone, 
opal^  chalcedony,  and  agate,  are  different  modifica- 
tions of  siliceous  earth,  which  in  their  chemical  com- 
position differ  little  from  quartz.  Combined  with  a 
large  portion  of  alumine  and  iron,  quartz  loses  its 
translucency  and  passes  into  jasper,  which  forms  beds 
in  primitive  mountains,  and  is  said  to  compose  the 
substance  of  entire  ranges  of  mountains  in  Asia. 

Felspar  ox  feldspar  (a  name  received  from  the 
Germans)  is  a  constituent  part  of  numerous  rocks. 
It  is  hard  in  a  somewhat  less  degree  than  quartz, 
and  is  more  easily  broken.  It  is  laminar,  or  com- 
posed of  thin  laminae  or  plates,  by  which  it  may  be 
generally  distinguished  from  quartz.  The  crystals 
are  most  commonly  four-sided  or  six-sided  prisms, 
whose  length  is  greater  than  the  breadth.  It  has  a 
shining  lustre.  The  colours  are  white,  grey,  milk- 
white,  yellowish  or  reddish  white,  sometimes  inclin- 
ing to  green.  The  red  passes  through  various  shades, 
from  a  pale  to  a  deep  red.  Crystiillised  felspar  is 
translucent.  It  may  be  melted  without  the  admix- 
ture of  alkalies,  and  forms  a  glass  more  or  less  trans- 
parent,  which  quality  it  derives  from  the  limes  or 
alkali  that  compose  part  of  ils  constituent  ingre- 
dients; but  different  specimens  of  this  mineral  vary, 
according  to  the  analyses  of  tlie  same  chemist. 
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Silex     - 

. 

-  63  — 

74 

Alumine 

— 

-  17  — 

U 

Potash  - 

. 

-  13  — 

Lime 

- 

-     3  — 

6 

Oxide  of 

iron 

1  — 

LfOss 

. 

-    3  — 

6 

Others  give  the  proportion  of  silex  46,  alumine  24, 
lime  6. 

The  existence  of  potash,  or  the  vegetable  alkali,  in 
felspar,  is  a  fact  deserving  particular  attention.*  It 
may  be  owing  to  this  circumstance  that  felspar  is  so 
frequently  observed  in  a  soft  or  decomposing  state, 
although  its  hardness  is  little  inferior  to  that  of  quarts 
when  undecayed.  Those  felspars  which  are  durable 
are  probably  free  from  potash.  Felspar  occurs  in 
many  rocks  in  a  compact  form  ;  constitutes  the  prin- 
cipal part  of  most  porphyrias,  and  of  the  lighter- 
coloured  lavas.  Compact  felspar  differs  from  hom- 
stone,  the  latter  being  infusible  without  the  addition 
of  alkalies. 

Mica  derives  its  name  from  the  Latin  micans^ 
glittering.  It  is  known  as  the  substance  called  Mus^ 
covy  glas3,  and  has  a  splendid  lustre.  It  consists  of 
very  thin  leaves  or  laminae,  which  may  be  easily 
separated  v^ith  a  knife.  The  plates  are  elastic,  by 
which  it  may  be  distinguished  from  the  mineral 
called  talc.  The  thin  plates  are  transparent.  The 
colours  of  the  thick  plates  are  yellow,  grey,  blackish 
green,  white,  and  brown.  The  surface  may  be 
scratched  with  a  knife :  it  melts  into  an  enamel  with 
the  blowpipe  :  it  is  sometimes  crystallised  in  six-sided 
risms. 

Talc  nearly  resembles  mica  in  appearance.     The 

*  It  Kas  recently  been  discovered,  that,  in  some  of  the  felspathic 
rocks,  soda  occupies  the  place  of  potash,  and  gives  a  slight  diange 
to  the  crystalline  form :  this  variety  some  mineralogists  are  de- 
sirous of  making  a  new  species,  and  have  proposed  to  give  it  the 
name  of  Cleavelandite;  but  geology  and  mineralogy  are  tJready  too 
much  burdened  with  unmeaning  terms,  and  if  a  new  name  must  be 
introduced,  that  of  felsparite  would  be  more  appropriate,  and  am^ 
vey  an  idea  of  its  approximation  to  felspar. 
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plates  are  flexible,  but  not  elastic  :  it  is  much  softer 
than  mica,  and  is  infusible;  its  colours  generally 
incline  towards  green,  but  it  is  sometimes  a  silver 
white :  it  has  a  soapy  feel.  Chlorite,  which  is  nearly 
allied  to  talc,  derives  its  name  from  chloros^  the 
Greek  word  signifying  green.  Talc  and  chlorite 
pass  by  insensible  gradations  into  each  other,  and  in 
this  state  they  supply  the  place  of  mica  in  most  of 
the  granitic  rocks  that  I  have  examined  in  the 
vicinity  of  Mont  Blanc.  Chlorite  is  of  a  darkish  dull 
green  cdlour ;  it  has  a  glistening  lustre ;  its  structure 
is  minutely  foliated  ;  it  is  soft,  and  rather  unctuous. 
The  constituents  of  these  three  minerals  are,  — 

Mica.       Talc     Chlorite. 


SOez     -     -     . 

-  50 

—    63 

—    41 

Alumine     - 

.  35 

—      2 

—      6 

Lime     -     .     - 

-     1 

— . 

—       1 

Magnesia     -     - 

-     2 

—    27 

—     40 

Oxide  of  Iron    - 

.    6 

—       8 

—     10 

Water  and  loss 

.    6 

—      6 

—       2 

but  these  proportions  vary  in  different  specimens. 

Hombknde,  to  which  the  Frencli  give  the  name  of 
amphiboly  forms  a  constituent  part  of  many  rocks, 
and  appears  to  connect  the  primary  with  those  which 
are  of  volcanic  origin.  It  is  of  a  black  or  dark  green 
colour:  it  is  heavier,  but  less  hard,  than  quartz  or 
felspar:  it  may  be  scratched  with  a  knife,  and  the 
ccriour  of  the  streak  is  a  light  green  :  it  yields  a  bitter 
smell  when  breathed  upon,  and  melts  easily  into  a 
black  glass.  Common  hornblende  is  often  confusedly 
crystallised  :  it  sometimes  forms  entire  mountains,  or 
slaty  beds  in  mountains,  and  is  very  commonly  met 
with  in  granular  pieces  as  an  ingredient  in  compound 
rocks :  when  it  becomes  more  abundantly  and  mi- 
nutely disseminated  in  them,  it  forms  what  are  deno- 
minated trap  rocks,  whose  origin  has  greatly  divided 
the  opinions  of  geologists.  Hornblende  and  the 
rocks  to  which  it  is  most  nearly  allied  contain  as 
under : — 

E  2 
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Hornblende. 

Basalt. 

Obsidian,  or 
volcanic  glass. 

Lavi 

Silex    .     -    -    -  42 

— 

44 

—        72      — 

49 

Alumine    -    -    -     8 

— . 

16 

—        12      — 

35 

Magnesia      -      -  ]6 

-. 

2 

• 

Lime      -      -      -    9 

— 

9 

—  sometimes 

4 

Oxide  of  iron      -  23 

20 

r  2  with  man- 
\     ganese. 

12 

Soda      -      -      - 

— 

4 

6  with  potash. 

Manganese  -      -     1 

Water  and  loss 

Another  mineral  substance,  called  serpentine^  from 
its  spotted  colours  resembling  the  serpent's  skin,  will 
afterwards  be  described  as  forming  entire  rocks :  it 
differs  in  composition  from  hornblende  by  having  A' 
larger  portion  of  magnesia  and  less  iron ;  it  limy' 
perhaps  be  regarded  as  an  intimate  combination  of' 
hornblende  with  talc  or  chlorite.  Its  component 
parts,  as  given  by  different  chemists,  are  as  under:— 


Silex     -    -    - 

-  45  —  29  —  45 

Alumine      -     - 

-  18  ^  23 

Magnesia    -    - 

-  23  —  34  —  33 

Iron     -     -      - 

-    3  —    4  —  14  with  a  trace  of 

Lime      -    -     - 

—        —    6 

Water  and  loss 

-  11  «.  10  —    8 

From  these  analyses  it  is  evident  that  the  specie 
mens  vary  in  their  component  parts;  in  8ome»  tbc^ 
proportions  are  almost  the  same  as  in  hornblende;  in? 
others,  they  more  nearly  agree  with  talc  and  chloritei, 

The  intimate  connection  between  hornblende  iwdl 
serpentine  is  now  completely  established ;  for  hom- 
blende  is  observed  to  be  changed  into  serpentine  !by< 
contact  with  limestone  in  various  situations.  Serr 
pentine  sometimes  occurs  crystallised,  and  has  xo* 
ceived  the  name  of  diallage. 

Limestone  {Carbonate  ^Lime^^  however  various  ii| . 
external  appearance  it  may  be,  is,  if  pure,  essentiaUy; 
composed  of  67  parts  of  lime,  and  43  carbonic  acid;. 
but  in  some  rocks  the  limestone  is  intermixed  with 
magnesia,  alumine,  silex,  or  iron.  The  specific  gra^ 
vity  of  limestone  varies  from  2*50  to  2-80.  All  lime- 
stones   may  be  scraped   with   a  knife..    They   are 
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infusible  ;  but  when  impure  by  an  intermixture  with 
a  portion  of  other  earths,  they  vitrify  in  burning. 
All  limestones  effervesce  when  a  drop  of  strong  acid 
is  applied  on  the  surface ;  and  they  dissolve  entirely 
in  nitric  or  muriatic  acid.  The  specific  gravity,  hard- 
ness,  and  effervescence  with  acids,  taken  collectively, 
distinguish  limestone  from  all  other  minerals. 

Crystallised  Carbonate  of  Lime  (Calcareous  Spar) 
occurs  crystallised  in  a  great  variety  of  forms ;  the 
crystals  break  easily  with  the  stroke  of  a  hammer, 
and  the  fragments  are  always  rhomboidal. 

Vast  mountains  and  extensive  strata  of  limestone 
<K>ver  a  large  portion  of  many  countries.  The  va- 
rieties of  limestone  will  be  describedi  as  the  rocks 
occur  in  the  primary  or  secondary  series.  The  dif- 
ferent appearance  of  statuary  marble  and  chalk  is 
well  known  to  every  one.  They  are  only  different 
modifications  of  limestone,  and  are  chemically  the 
same.  Magnesian  limestone,  sometimes  called  Do- 
lomite, possesses  most  of  the  physical  characters  of 
common  limestone,  but  contains  various  proportions 
of  magnesia. 

Gypsum^  or  Sulphate  of  Lime^  is  far  less  abundant 
tiian  carbonate  of  lime ;  but  it  forms,  in  some  situ- 
ations, beds  of  considerable  thickness  and  extent. 
Gjrpsum  is  generally  of  a  colour  inclining  to  white, 
and  is  sometimes  snow-white.  Common  gypsum  has 
a  laminated  or  granular  structure,  and  is  sometimes 
compact.  It  is  much  softer  than  common  limestone, 
and  may  be  scratched  with  the  nail :  it  does  not 
effervesce  with  acids.  Crystallised  gypsum  has  the 
properties  of  common  gypsum  ;  it  is  frequently  called 
selenite.  The  constituent  parts  of  gypsum  are  lime 
92-7,  sulphuric  acid  46*3,  and  water  '2\.  A  variety  of 
gypsum  which  has  no  water  in  its  composition,  and 
hence  called  anhydrous,  occurs  in  beds  in  the  Savoy 
Alps  ;  it  is  there  combined  with  siliceous  earth.  It  is 
much  harder  than  common  gypsum,  and  even  than 
common  limestone.  The  specific  gravity  of  common 
gypsum  varies  from  2*16  to  2-28  ;  that  of  anhydrous 
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gypsum  is  from  2*80  to  2*90.     Gypsum,  under  the 
name  of  plaster  stone,  is  a  mineral  generally  known. 

Slate^  improperly  called  by  some  geologists  clay- 
slate,  and  by  the  old  geologists  argillaceous  schistus, 
is  well  known,  —  at  least  the  common  variety  used 
as  roofing  slate,  which  may  be  regarded  as  the  purest 
form  of  this  mineral. 

The  prevailing  colours  of  slate  are  bluish  or 
greenish  grey :  it  has  a  silky  lustre.  Slate  rocks 
have  frequently  a  distinct  slaty  structure,  and  may 
even  be  split  in  two  directions,  which  have  an  acute 
angle  with  each  other ;  but  some  slate  rocks  have  a 
compact  structure,  and  will  not  admit  of  splitting. 
Slate  yields  to  the  knife :  it  is  fusible  into  a  black 
slag.  The  composition  of  slate  is  various :  indeed^ 
by  many  geologists  it  is  not  regarded  as  an  homo- 
geneous rock.  Its  composition  has  been  given  as 
under:  —  Silex  48,  alumine  23j  manganese  1*6,. 
oxide  of  iron  11*3,  oxide  of  manganese  0*5,  potass 
4-7,  carbon  0*3,  water  7-6.  The  quantity  of  carbon 
increases  in  the  upper  formations  of  slate,  and  it 
passes  by  a  greater  admixture  of  carbon  into  a  soft> 
dark,  slaty  bed,  denominated  shale  by  the  English 
miners.  Slate  is  a  very  extensive  formation,  com- 
posing entire  mountains  in  many  alpine  districts. 

Basalt  and  compact  lavas  are  classed  by  some 
mineralogists  with  simple  minerals,  but  they  are 
composed  of  three  or  more  simple  minerals  closely 
united :  —  they  will  be  afterwards  described. 

Some  of  the  minerals  here  enumerated  compose 
entire  rocks  ;  other  rocks  are  composed  of  an  inter- 
mixture of  two  or  more  simple  minerals,  either  ce- 
mented together  by  another  mineral  substance,  or 
the  minerals  are  crystallised  and  united  without  a 
AiiineDt.      The    different    modes   in    which    simple 

nearals   are  found  united  together  in  rocks  have 

•en  rise  to  the  following  terms  :  — 

Oii/ic,  composed  of  grains  or  crystals  united  with- 
out a  cement,  as  in  granites,  and  some  sand- 
stones. 
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Porp^ritic,  composed  of  a  compact  homogeneous 
rock,  in  which  distinct  crystals  or  grains  are 
imbedded.  The  compact  stone  is  called  the 
base,  and  sometimes  the  paste.  The  base  of 
some  porphyritic  rocks  is  granitic ;  in  this  case 
some  of  the  crystals  are  much  larger  than  the  rest. 
AmygdaloidaU  containing  rounded  or  kernel-shaped 
cavities  filled  with  mineral  matter  of  a  different 
kind. 
Breccia  is  composed  of  angular  fragments  of  rocks 

cemented  together. 
Puddmg^lone  consists  of  rounded  stones  imbedded 
in  a  paste.* 
Fragments  of  stone  broken  from  simple  rocks  dis- 
play tae  structure  of  the  internal  parts.  The  face 
€3^'  the  broken  part  is  called  the  fracture.  This  in- 
ternal structure  may  be  denominated  the  mineral 
structure,  and  is  either 

Compact^  without  any   distinguishable   parts   or  di- 
visions; or 
Earthy^  composed  of  minute  parts  resembling  dried 

earth. 
Granular^  composed  of  grains. 
Fibrous^  composed  of  long  and  minute  fibres. 
Radiated^  when  the  fibres  are  broader  and  fiattish, 

and  diverging. 
Lamellar  or  Foliated^  composed  of  minute   plates 

laid  over  each  other. 
PorouSy  penetrated  by  pores. 

Cellularj  or   Vesicular^  when   the   pores   swell   into 

rounded  cavities,  like  bladders,  as  in  some  lavas. 

Slah/j  or  Laminar^  composed  of  straight  parallel  thin 

plates,  or  laminae. 

The  structure   of  compound  rocks  may   also   be 

Slaty. 

The  external  structure  of  rocks  en  masse,  or  con- 
sidered as  mountain  masses,  is  as  distinct  from  their 

•  When  fragments  of  stone,  whether  angular  or  rounded,  are 
large,  and  are  imbedded  in  strata  of  indurated  clay,  sand,  or  sand- 
stone, they  are  called  Conglomerates. 
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iolemal  minenl  ^tnKrcure,  a>  the  shape  of  a  building 
Ufitn  that  oi  the  bricks  or  stooes  of  which  it  is  conir 
po^d;  thofxzh  this  dLstinctioQ  has  been  genendlj 
overlooked.  Tde  external  structure  of  rocka^  as 
forming  mountain  masses,  may  be 

Stratified^  or  stratiform. 

Tabular^  or  in  large  plates. 

Ojlumnar. 

Globular^  or  in  spherical  masses. 

MoMive^  or  Indeterminate^  which  includes  all  un- 
stratified  rocks  that  have  no  determinate  shape. 

^Stratified  mountains  or  rocks  are  those  which  are 
c^>mposed  of  layers  of  stone,  laid  over  each  other, 
and   divided  by  parallel  seams  like  the  leaves  of  a 
closed  hook*     In  these  seams  or  partings,  which  di* 
vide  the  strata,  there  are  frequently  tliin  laminas  of 
soil  earthy  matter;    but  sometimes  the  surfaces  of 
the  upper  and  lower  stratum  are  so  closely  joined, 
that  it  rc(|uircs  a  considerable  force  to  separate  them. 
ThrHc  layers  are  denominated  strata:   they  extend 
through  the  whole  mountain  or  mass,  theu*  length 
and  breadth  being  much  gt*eater  than  their  thickness. 
li*tho  thickness  oF  any  stratum  exceed  two  or  three 
^ardN,  it  is  more  usually  denominated  a  bed;  and  if 
It  lie  between  beds  of  stone  of  a  different  kind,  it  is 
MJiid  to  be  imbedded.     Strata  almost  always  decline, 
or  dip  down  to  some  point  of  the  horizon,  and  of 
course   rise   towards    tlie    opposite    point.     A  line 
drawn  through  these  points  is  called  the  line  of  their 
dip :    another  lino  drawn   at  right  angles  to  thtSi 
marks  the  ciuu^e  along  which  the  strata  stretch  out 
ti>  iho  givatost  extent :  —  it  is  called  the  Hue  of  bear- 
iligt     ir  a  luHtk  be  raised  in  an  inclined  position, 
M'Uh  the  kick  resting  lengthwise  upon  tlie  table,  the 
Umvos  uKiv  be  sup|h>sihI  to  reprossont  different  strata ; 
thou  »  lino  iloseeUiling  thmi  the  upper  edges  to  the 
tuMo  will  bo  tho  lino  ot'  di}s  and   their   direction 
l\'U,4th\\i:«o    will   bo   tho  lino  of  Ivaring;    and   the 
tuv^h'  lho\  m.^ko  with  (ho  table  will  bo  the  angle  of 
Mu^iUiUiou,     Strata  aix\  howovon  sometimes  curved 
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or  bent  in  both  directions,  and  are  frequently  broken ; 
which  makes  it  difficult  to  ascertain  their  true  po» 
sition. 

Stratified  rocks  of  sandstone,  and  beds  of  clay  and 
marl,  are  generally  admitted  to  have  been  de- 
posited by  the  turbid  waters  of  the  sea,  or  of  large 
rivers  or  lakes.  These  sedimentary  depositions  are 
arranged  over  each  other  in  regular  layers ;  the  par- 
ticles or  fragments  of  which  they  are  composed  vary 
in  size,  and  indicate  the  different  states  of  agitation 
or  repose  of  the  waters  from  which  they  were  depo- 
sited. It  is  proper  to  notice,  that  certain  rocks  are 
disposed  to  divide  in  parallel  seams,  in  a  different 
direction  from  that  of  the  regular  stratification :  this 
renv\t^  from  the  crystalline  structure  of  the  rock. 
Some  strata  appear  to  have  been  formed  by  chemical 
precipitation ;  and  not  unfrequently  chemical  pre- 
dpitation  and  sedimentary  deposition  have  taken 
place  at  the  same  time,  and  produced  rocks  of  a 
mixed  character. 

The  Tabular  structure  consists  of  parallel  plates 
of  rock,  separated  by  regular  seams.  This  structure 
has  oflen  been  confounded  with  stratification :  it  ap 
pears  to  be  the  result  of  crystallisation,  and  is  closely 
allied  to  the  columnar  structure. 

The  Columnar  or  Prismatic  structure  is  peculiar 
to  certain  rocks,  but  chiefly  occurs  in  the  basaltic 
and  volcanic  class.  Thick  beds  are  divided  into 
columns  or  prisms,  which  are  most  generally  pen- 
tagonal. They  sometimes  form  vast  ranges  of  na- 
tural columns,  as  at  Staffa,  the  Giant's  Causeway  in 
Ireland,  and  in  many  volcanic  countries.  Sometimes 
the  prismatic  structure  may  be  observed  forming 
detached  groups  of  columns  and  prisms,  as  repre- 
sented in  the  group  of  columns  on  Cader  Idris. 
(Plate  VII.)  A  group  of  basaltic  columns,  of  similar 
form,  and  equally  perfect,  was  observed  by  the  author 
on  the  side  of  tne  volcanic  mountain  called  Grave- 
naire,  in  Auvergne,  at  a  small  distance  from  the 
crater. 
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The  Globular  structure  consists  of  globular  masses, 
either  detached  or  imbedded  in  rocks  of  the  same 
kind :  they  are  frequently  composed  of  concentric 
layers. 

The  terms  Massive  or  Indeterminate ^  may  be  ap- 
plied to  all  unstratified  rocks  that  have  no  regular 
divisions.  Many  of  the  primary  rocks,  such  as  gra- 
nite, porphyry,  and  serpentine,  occur  in  masses  of 
enormous  thickness,  which  are  broken  by  irregular 
fissures  in  every  direction.  Thick  currents  of  lava, 
which  have  filled  up  hollows  or  valleys,  are  also  in- 
determinate,  as  might  be  expected  from  their  mode 
of  formation.  Sometimes  rocks  of  granite  and  por- 
phyry, and  also  of  compact  lava,  present  either  a 
tabular  or  a  columnar  structure ;  but  the  structure  is- 
seldom  so  regular  as  in  basaltic  rocks. 
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CHAP.  IV. 

ON  STRATIFICATION,  AND  THE  RELATIVE  POSmON 

OF  ROCKS. 

Strata  and  Greoloeical  Formations  explained.  —  Various  Appear- 
ances presented  by  plane  Strata.  —  Appearances  presented  by 
curved  Strata,  and  Errors  respecting  them.  —  Distinction  be- 
tween Strata  Seams  and  Natural  Fissures  or  Cleavages.  —  On 
the  (wnformable  and  unconformable  Positions  of  stratified  and 
unstratified  Rocks.  —  The  Continuity  of  stratified  Rocks  broken 
by  Valleys.  —  Longitudinal  Vallejrs.  —  Transverse  Valleys.— 
Lateral  Valleys.  —  Denudations.  —  On  the  Elevatioo  of  Moun- 
tains and  Mountain  Chains.  —  On  the  Direction  of  Mountain 
Chains  in  the  new  and  old  Continents.  —  On  vertical  Beds  in 
Mountains.  —  On  the  apparent  Devastation  in  Alpine  Districts. 
—  On  the  Passages  in  the  Alps  called  Cols ;  and  Observations 
respecting  their  Formation.  —  Different  Ages  of  Mountain 
Ranges. 

When  we  have  ascertained  what  are  the  most 
common  or  prevailing  rocks  in  a  part  of  any  coun- 
try, and  observed  that  any  one  stratum  or  rock 
which  attracts  our  attention  is  in  that  part  of  the 
country  invariably  covered  by  a  peculiar  rock  or 
stratum  of  a  different  kind,  or  invariably  covers  any 
particular  stratum;  we  hence  learn  that  there  is 
a  certain  order  of  superposition,  and  we  naturally 
feel  desirous  to  know  whether  the  same  order  is 
observable  in  every  country  where  similar  rocks 
occur.  Thus,  in  the  vale  of  Thames  round  London, 
there  is,  at  the  depth  of  a  few  feet  under  the  surface, 
a  dark-coloured  clay,  called  London  Clay,  much 
intermixed,  in  the  lower  part,  with  beds  of  sand. 
If  we  bore  through  this  clay,  we  shall  find  its 
average  thickness  to  be  nearly  300  feet  When  we 
have  pierced  through  this,  we  invariably  come  to 
chalk*;  and  were  we  to  continue   to  bore  in  the 

•  The  lower  clay  is  by  some  geologists  denominated  plastic  clay. 
See  Chap.  XIV. 
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chalk,  after  piercing  through  many  hundred  ffeet 
of  that  rock,  we  should  come  to  a  stratum  of  sand  or 
sandstone  ^lled  with  green  particles,  and  hence 
called  Green  Sand.  * 

The  observer  who  had  confined  his  researches  to 
this  part  of  the  country  only,  would  form  a  very- 
erroneous  conclusion,  were  he  to  infer  that  the  outer 
crust  of  the  globe  was  invariably  composed  of  Lon- 
don clay,  chalk,  and  green  sand.  But  wherever 
similar  beds  occur  together,  they  lie  in  the  same 
order  of  superposition  over  each  other.  Thus  the 
London  clay  is  never  found  under  the  chalk  or  the 
green  sand. 

But  it  is  not  always  necessary  to  bore  through  the 
upper  beds  to  ascertain  this  order ;  for  the  different 
strata  scarcely  ever  occur  in  a  flat  or  horizontal 
position :  they  generally  rise  in  a  certain  direction, 
and  come  to  the  surface,  as  represented  in  Plate  L 
fig.  I.  Now,  by  travelling  over  the  strata  from  a 
to  B,  we  come  upon  the  outer  edges  1,  2,  3,  and 
may  trace  their  order  of  succession  as  they  rise  frcmi 
under  each  other.  In  ravines  and  the  escarpments 
of  mountains,  and  in  the  cliffs  on  the  sea-coast,  we 
are  also  enabled  to  trace  the  position  and  order  of 
succession  of  rocks.  But  to  do  this  with  tolerable 
correctness,  we  must  have  an  accurate  knowledge  of 
stratification  in  all  its  various  possible  forms.  How« 
ever  simple  the  principles  of  stratification  may  at 
first  appear,  this  knowledge,  when  applied  to  practice, 
is  not  of  such  easy  attainment  as  some  may  imagine  j 
and  for  want  of  it,  geologists  of  considerable  eminence 
have  fallen  into  the  most  egregious  errors.  A  know- 
ledge of  stratification  is  indeed  of  far  greater  import* 
ance  to  the  practical  geologist,  than  an  acquaintance 
with  the  minutiae  of  mineralogy  or  conchology. 

Though  the  word  Stratum,  in  its  original  language, 
and  by  general  acceptation  in  speaking  of  rocks, 
denotes  a  bed,  it  is  convenient  to  restrict  the  term 
bed  to  a  stratum  of  considerable  thickness ;  for  such 
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oflen  subdivided  into  several  distinct  minor 
strata,  and  we  cannot  well  describe  a  stratified  stratum. 

When  a  series  of"  strain  of  a  similar  rock  are  ar- 
ranged  with  occasional  strata  intervening  of  roclcs 
of  another  kind,  which  recur  in  different  parts  of 
the  series,  they  are  regarded  an  having  been  all 
formed  nearly  at  the  same  epoch,  and  under  similar 
circumstances ;  and  stich  series  are  called  by  geo- 
logists Fomutiions.  Thus,  the  strata  of  shale,  sand- 
stone, and  ironstone  that  accompany  beds  of  coal  are 
called  the  Coaljbrmatinn.  Strata  of  different  kinds, 
in  which  a  gradation  is  observed  into  each  other,  and 
which  contain  similar  species  of  organic  remains, 
al">o  constitute  a  geological  Formation.  The  chalk 
without  flints,  the  lower  chalk  with  dints,  the  chalk- 
marl  and  the  green  sand  under  the  chalk,  are  re- 
garded as  members  of  what  is  denominated  the  Chalk 
Jbrmation.  The  student,  however,  must  be  careful  to 
distinguish  the  different  meaning  of  a  roclc/brmaiion, 
a&  here  described,  and  the  formation  of  a  rock  :  the 
latter  term  implies  the  mode  of  formation,  or  the 
agent  by  which  the  rock  was  formed  or  consolidated  i 
whether  by  igneous  fusion,  as  beds  of  lava ;  by  de- 
position from  water,  as  beds  of  clay  and  sandstone ; 
or  by  animal  secretion,  as  beds  of  coral. 

In  order  to  obtain  a  distinct  idea  of  stratification  in 
its  simplest  form,  let  the  young  geologist  take  a  piece 
of  pasteboard  or  thin  wood,  say  12  inches  square: 
let  him  divide  it  in  the  middle  into  two  equal  planes 
each  12  inches  in  length  and  (i  in  breadth.  Place 
one  of  these  planes  flat  on  a  tabic  with  the  ends 
facing  the  north  and  south  ■,  the  sides  will  of  course 
be  at  right  angles,  and  lace  the  east  and  west.  Now, 
if  one  of  the  sides  be  tilted  up,  —  say  the  western 
side,  —  we  may  suppose  the  pastelHKird  phuie  to 
represent  a  stratum  rising  to  the  west  and  dipping 
eastward.  The  lengthwise  ditection  of  the  plane 
is  called  the  line  of  (tearing ;  and  tl)e  declining 
direction  is  called  the  line  of  dip,  which  is  at  right 
I  ttie  line  of  bearing.     The  angle  at  which 
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the  stratum  rises  above  the  horizontal  line  or  level  is 
called  the  Inclmaiioiu  Suppose  the  western  edge  of' 
the  pasteboard  plane  is  raised  above  the  table,  form- 
ing with  it  an  angle  of  thirty  degrees ;  then  we  sajr 
the  direction  of  the  stratum  is  north  and  south,  its 
dip  east,  its  rise  of  course  west,  and  its  angle  of 
inclination  thirty  degrees.  Simple  as  this  appears, 
geologists  of  considerable  eminence  have  made  the 
most  palpable  mistakes  in  defining  stratification.  It 
has  been  said  correctly,  that,  the  line  of  dip  being 
always  at  right  angles  to  the  direction  or  line  of 
bearing,  when  the  dip  is  given,  the  direction  is 
known:  but  when  it  is  further  said,  that,  if  the 
direction  is  given,  the  line  of  dip  is  given  also,  the 
assertion  is  erroneous;  for  let  the  above  plane  of 
pasteboard  be  again  laid  flat  upon  the  table  in  the 
same  direction,  due  north  and  south  ;  and  instead  of 
tilting  up  the  western  edge,  if  we  tilt  up  the  eastern, 
we  shall  then  have  the  same  line  of  bearing  as  in  the 
first  instance,  but  the  dip  will  be  west  instead  of  east» 

It  sometimes  happens  that  a  stratum,  without  vary* 
ing  its  direction,  may  be  so  bent  as  to  dip  two  ways  in 
the  same  mountain,  like  the  sloping  sides  <rf  the  roof 
of  a  church,  or  the  letter  V  reversed  (A).  (See  Plate  I.. 
fig.  2*  stratum  4.  and  5.)  Place  the  two  planes  of 
pasteboard  in  a  north  and  south  direction,  and  raise 
them  so  as  to  make  the  upper  edges  meet ;  we  shall 
then  have  the  line  of  bearing  north  and  south  as; 
before,  and  the  dip  east  on  one  side  and  west  on  the 
other.  The  limestone  strata  at  Dudley  Castle  Hill 
dip  on  each  side  of  the  hill  as  above  described.  (See 
Plate  III.  fig.  4.  B.)  When  strata  are  bent  on 
each  side  of  a  mountain,  without  being  broken  at 
the  top,  they  are  called  saddle- shaped.  A  line 
traced  on  the  surface  of  a  country,  to  designate 
where  the  strata  dip  in  opposite  directions,  has  been 
called  the  anticlinal  line,  and  should  be  introduced 
in  all  geological  maps,  when  it  can  be  conveniently 
ascertained. 

Whatever  may  be  the  inclination  of  a  stratum,  its 
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true  thickness  is  measured  by  a  line  perpendicular  to 
the  upper  and* under  surface. 

If  we  take  a  number  of  similar  planes  of  paste- 
board of  different  colours,  and  lay  the  undermost  a 
little  inclined,  and  place  another  plane  upon  it,  with 
the  upper  edge  about  an  inch  or  more  distant  from 
that  of  the  under  stratum,  and  again  lay  the  others 
in  succession  in  the  same  manner ;  the  uncovered 
ends  of  the  planes  will  rise  from  under  each  other 
like  a  number  of  slices  of  bread  and  butter  laid  on  a 
plate.  These  uncovered  edges  will  represent  the 
outcrop  or  crop  of  the  strata,  and  it  will  be  perceived 
bow  we  may  obtain  a  knowledge  of  an  under  stratum 
without  sinking  or  boring,  merely  by  crossing  a 
country  in  the  line  of  the  rise  or  dip  of  the  strata. 
When  strata  are  arranged  in  this  manner,  they  are 
aaid  to  be  in  a  conformable  position.  (Plate  I.  fig.  1.) 
It  will  naturally  be  enquired  whether  the  strata  abso- 
lutely terminate  where  we  find  their  outcrop?  In 
fiome  instances  this  is  the  case ;  but  frequently  the 
strata  are  bent  or  broken  in  the  line  of  their  rise,  and 
the  same  stratum  may  crop  out  in  one  place,  and 
appear  again  farther  on  in  the  line  of  its  rise,  as 
represented  Plate  I.  fig.  2.  We  must  be  particularly 
attentive  to  this  circumstance,  otherwise  we  may 
commit  the  most  egregious  errors  in  describing  a 
country  which  we  have  travelled  over,  where  there  is 
no  opportunity  of  seeing  a  section  of  tJie  strata.  Thus, 
in  fig.  2.,  afler  passing  over  the  beds  1,  2,  3,  4,  and 
having  no  easy  method  of  ascertaining  the  dip,  we 
may,  without  great  care,  mistake  the  beds  4,  3,  2,  1, 
as  different  and  lower  beds  in  the  series.  Ebcl  and 
many  flying  geologists  have  made  this  mistake.  In 
some  instances  we  come  suddenly  to  the  termination 
of  a  whole  series  of  strata,  as  in  descending  the 
Cotswold  Hills  into  the  Vale  of  Severn ;  the  lime- 
stone called  Roe-stone,  of  which  they  are  principally 
composed,  is  not  found  on  the  other  side  of  the  valley, 
nor  in  any  part  of  England  to  the  north-west  of  it. 
Has  Uiis  limestone  ever  extended  farther  westward  ? 
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aod  if  xc  baT'-e  extentied  tmher,  br  what  cause  has  it 
been  resan^rd  ?     Tbese  eoquines  will  be  adTerted  to ' 
in  a  f  iiiowTS^r  csnptrr- 

To  vecirz  Z3  yjr  p(i5Zib*yird  planes,  armnged  as 
before  iescnhed,  "vizn  t^e  eiises  rising  from  under 
each  Tcaer  in  ihc^  conixirijbie  position.     If  we  take  . 
an^jcher  ^rle$  oc'  oiac^s.  and  by  them  flat  over  the 
oQtcnr'ppioj:  ed^e<   -x   xhe  conrbrmable  series^  we 
shall  then  have  the  uzoooronnable  position  repre* 
sem^vip  R^e  I.  n^.  6.     Now.  the  strata  that  cover 
the  lover  icurizied  cLi5s  :a  En^rland  occur  in  tbir 
pocitioc :  and  the  louowiog  important  inference  na;^  - 
be  drawn  iram  i%  caziel  v,  that  the  under  strati6ed 
rocks  had  been  focmed.  and  their  strata  broken  aadj 
raised  up,  at  a  period  which  must  have  preceded  the  * 
formation  of  the  u(^r  <eries  by  a  considerable  i&-.  - 
terval ;  tor  the  lower  series  were  evidently  solidiiiedf  < » 
and  afterwards  in  manv  instances  broken,  and  the., 
fractured  edges  of  the  strata  levelled,   before  the  r 
upper  strata  were  deposited  upon  them. 

The  most    common    error  which   persons  coiBh\ 
mencing  the  study  of  geology  are  liable  to  make,  if* 
in  mistaking  the  apparent    for  the  real  inclination.  • 
of  the  strata.     Plate  I.   lig.  4.  will  render  this  more: ' 
intelligible   than   any  description.     It  represents  ^  > 
portion  of  a  stratified  luountain,  of  which  the  strata  i 
have  a  considerable  dip  to  the  east.     If  the  escarp^'f 
ment  or  section  be  made  in  the  line  of  bearing,  c  dg 
the  strata  will  appear  to  range  from  north  to  souths 
without  any  rise  or  dip,  and  would  be  described  hj  • 
a  young  obser\'er  as  being  horizontal.     But  if  aa 
opening  or  section  be  made  on  the  side  parallel. to; 
the  line  of  dip,  as  at  c  r,  the  true  inclination  wQl . 
be  seen.     Any  section  made  in  an  oblique  direction 
to  the  line  of  dip  will  cause  the  inclination  to  ^pe^r^ 
less  than  the  true  one,  and  the  line  of  dip  will  appear 
to  vary  from  the  true  dip.     The  chances,  therefore^ 
are  very  great  against  the  natural  section  made  in  a  . 
mountain  presenting  the  true  dip  and  inclination  of 
the  strata.     Another  error  which  a  person  who  does 


pmtcviJis  OF  sTRATmciTaoirb  69 

not  attend  to  the  dip  and  direction  of  the  strata  may 
fidl  into  is»  mistaking  an  under  for  an  upper  stratunu 
Suppose  a  hill  to  be  cm^ered  with  vegetable  soil,  and 
a-ifuarry  or  pit  was  made  in  it  near  the  bottom,  as 
at  A,  IMate  I.  %•  1^  and  tlie  stone  was  discovered  to 
be  sandstone :  if  another  pit  was  sunk  near  the 
smmntt  at  b^  which  cut  into  limestone ;  it  might  be 
supposed^  because  the  limestone  is  met  with  at  a 
higher  level,  that  it  lies  o\^r  the  sandstone  stratum, 
when  it  is  in  reality  below  it.  The  young  observer, 
who '  has  not  a  clear  notion  of  this,  may  be  said  not 
yet  to  have  passed  the  pons  asinorum  of  the  geologist. 
*  In  calcareous  mountains  of  vast  magnitude,  as 
those  >ia  the  Swiss  and  Savoy  Alps,  the  enormous 
beds  of  limestone  are  often  intersected  by  regular 
8eam%  which  cut  tlirough  the  whole  bed  in  a  direc- 
tion nearly  perpendicular  to  that  of  the  true  strata 
sMmsy  or  make  very  oblique  angles  with  them.  These 
partings  or  seams  are  sometimes  nearly  vertical,  when 
the  strata  are  almost  horizontal.  The  cliffs  and  es* 
carpmentcTof  these  mountains  being  lofly,  and  much 
elcposed  to  the  action  of  the  atmosphere,  the  vertical 
seMns  enlarge,  and  are  oflen  more  conspicuous  than 
the  strata  seams  ;  hence,  without  great  attention,  the 
observer  may  describe  the  strata  of  a  mountain  as 
being  perpendicular,  when  in  reality  they  are  nearly 
horizontal.  To  add  to  the  difficulty,  it  very  fre- 
quently happens  that  a  calcareous  deposition,  like  a 
coat  of  plaster,  covers  the  face  of  a  n)ck :  this  has 
been  formed  by  moisture  runninji:  over  the  surface, 
and  depositing  calcareous  particles  upon  it.  This 
deposition  sometimes  conceals  the  partings  or  seams 
of  the  stratification  as  completely  as  a  coat  of  plaster 
covers  the  rows  of  brick  in  a  building.  The  vertical 
seams  or  partinpfs  are  also  sometimes  open,  and  some- 
times form  parallel  ridges,  which  efface  the  appearance 
of  the  strata  seams  in  one  ])art  ot*  a  rock,  but  not  in  the 
other;  and  in  such  instances  we  have  a  mountain 
mass  in  which  the  strata  are  apparently  partly  horizon- 
tal and  partly  vertical.     See  Plate  I.  fig.  5.     Inatten^ 
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tion  to  this  circumstance,  I  am  convinced,  has  Bome- 
times  deceived  the  eye  of  M.  Saussure,  one  of  the 
most  diligent  and  accurate  of  observers*. 

The  regular  partings  or  cleavages  in  many  slate 
rocks  which  intersect  the  beds,  nearly  at  right  angles 
to  their  dip  or  inclination  (See  Plate  III.  %.  1.  dd)^ 
have  often  been  mistaken  for  strata  seams,  and  have 
led  geologists  of  some  eminence  to  draw  very  erro- 
neous inferences.  The  thick  beds  of  transition  or 
mountain  limestone  which  compose  a  great  part  .of 
Ingleborough,  and  other  adjacent  mountains  inrthe 
district  called  Craven,  in  Yorkshire,  generally  dip 
at  a  moderate  inclination  towards  the  80uth-ea)8t>; 
the  lower  beds  rest  on  coarse  slate,  which  has  i in 
reality  the  same  inclination  as  the  limestone,,  but  .as 
the  under  part  of  the  slate  is  often  concealed,  the 
vertical  partings  are  mistaken  for  strata  seams.  This 
limestone  is  described  by  Professor  Flayfair  as  restiog 
on  vertical  beds  of  slate ;  and  he  draws  several  im- 
portant conclusions  respecting  the  elevati<Hi  of  tbe 
beds  of  slate,  and  its  action  on  the  superincumbent 
beds  of  limestone  ;  whereas  a  more  extended  survey 
of  the  district  would  have  shown  him,  that  the  date 
rocks  rest  on  other  beds,  which  have  the  same  incli- 
nation as  the  limestone  above  them,  and  that  tbe 
slate  and  limestone  are  conformable. 

The  modes  of  stratification  we  have  been  considefw 
ing  are  those  of  plane  strata ;  but  in  many  situationi, 
particularly  in  the  Alps  and  the  Jura  chain,  the  strata 
are  curved  and  bent  round  the  mountains,  encircling 
them  like  a  mantle.  The  ravines  and  escarpments» 
according  to  the  position  in  which  the  sections  have 
been  made,  present  the  most  varied  forms  of  stretiiN 
cation  in  the  same  mountain.  In  one  part,  the  strata 
will  seem  to  rise  almost  vertically ;  in  another,  to  be 
nearly  horizontal;  and  in  a  third,  to  be  deeply  curved; 
and  this  will  depend  much  on  the  relative  position 
of  the  observer,  whether  he  be  placed  on  one  side,  or 
in  face  of  the  escarpment.  Suppose  a  transverse 
section  be  made  through  a  mountain  in  the  direction 
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a  by  (Piate  I.  fig.  6«)  it  would  show  the  true  position 
of  the  arched  strata  :  but  if  we  sufipose  a  sectioii  to 
be  made  only  on  the  side  c  d,  an  omerver  would  see 
the  fsice  or  escarpment  on  that  side,  with  the  edges 
of  the  strata  lying  horizontally,  and  might  describe 
them  as  horizontally  stratified,  were  he  to  view  no 
olher  part  of  the  mountain.  In  some  situations  the 
fracture  made  in  the  arched  stratification  is  much 
Inroketiy  and  we  have  on  the  side  of  the  same  moun- 
tain, the  appearance  both  of  horizontal  and  greatly 
inclined  stratification.  An  instance  of  this  occurs 
near  the  Lake  of  Bourget  in  Savoy.  Plate  II.  fig.  1. 
-xepveaents  the  appearance  of  strata  on  the  side  of  a 
moentam,  which  has  the  arched  stratification  before 
described ;  but  the  outermost  strata,  instead  of'enfbld- 
mg  the  whole  mountain,  only  cover  the  southern 
stous,  and  are  broken  off  at  the  summit  in  a  line 
nearly  parallel  with  it,  and  their  edges  present  the 
appearance  of  horizontal  strata,  a  a  a.  Lower 
4WWB  the  mountain,  part  of  the  under  strata  have 
fiiHen  off  in  a  sloping  direction,  and  their  project- 
ing edges  present  at  a  distance  the  appearance  of 
highly  inclined  strata.  This  may  be  further  illus- 
trated by  taking  a  half  cylinder,  or,  for  want  of  that, 
a  thick  book,  and  opening  it  a  little;  place  it  with  the 
edges  upon  the  table,  and  the  back  uppermost ; 
eover  the  book  or  half  cylinder  with  a  number  of 
folds  of  paper  of  different  colours,  —  these  will  repre- 
•ent  arched  strata.  Cut  across  the  outermost  folds 
along  the  back,  and  take  away  the  other  half;  the 
edges  of  the  paper  will  represent  those  of  tlie  upper 
strata,  and  their  position  will  ap|>ear  to  be  horizontal. 
Cut  away  the  corners  of  the  under  sheets  a  little 
behind  each  other,  so  that  the  edges  of  each  coloured 
sheet  may  be  visible,  and  these  will  represent  the 
appearance  of  highly  inclined  strata,  and  have  fre- 
quently been  niisUikcn  fbr  such.  The  young  geolo- 
gist may  greatly  facilitate  the  study  of  stratification, 
by  laying  coloured  planes  of  any  soft  and  yielding  sub- 
stance over  each  other,  and  inclining  them  in  various 
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positifons;  then  let  him  make  sections  in  ^tSeneoi 
directions  with  a  knife,  and  also  carve  out  hoUolw 
representing  valleys,  cutting  tlirough  inclined  steiA 
at  various  angles  witli  the  line  of  dip  and  Hne^of 
bearing :  by  this  means  he  may  gain  a  more  coned 
idea  of  the  varied  phenomena  of  sti*atification,  both 
in  mountains  and  valleys,  than  the  most  elahoifate 
descriptions  can  convey.  j::;* 

.  The  appearance  of  contorted  stratification  la  thtf 
calcareous  mountains  of  the  Alps  is  frequently^n^oii^ 
ticat  illusion.  Strata  which  have  originally  ent(dtdi»diii 
mountain  like  the  coats  of  an  onion,  have  falleiftiCiff 
in  curved  lines,  leaving  waving  edges,  overlarai^g 
each  other,  as  represented  Plate  II.  &g.5..  rSapk 
pose  indented  sections  were  made  in  the  side  €£i  ao 
onion,  the  edges  of  the  different  indented  rinda  vOuld 
present  similar  contortions.  . . . '  f£. 

Inequalities  in  the  general  curvature  of  the  ^bed« 
may  have  occasioned  them  to  break  off  in  -tim 
manner.  The  Montagne  de  Tmlle^  near  Montmcliaili 
in  Savoy,  of  which  a  plate  is  given  in  the  third  vo>t 
lume  of  Saussure's  Voyages  dans  les  AlpSrf^ffetsM 
instance  of  this  apparent  contortion,  which  Sattiasuna 
considers  as  almost  inexplicable.  I  examinedi  ^thjb 
mountain  from  various  stations  with  much  attentiooi 
and  am  convinced  that  the  contortions  are  only  iUi^ 
sory,  and  are  not  like  the  real  contortions,  whiohtha 
lower  beds  of  transition  limestone,  in  this  countxyti 
frequently  present  on  a  small  scale.  In  certain  aitUf 
ations  in  the  Alps,  however,  the  strata  have  evidently 
been  raised  by  some  violent  convulsion,  and  have 
been  bent  by  the  resistance  which  they  have  otBamA 
to  the  moving  cause.  Of  this  a  remarkable  instaocii 
may  be  seen  in  the  Baltenberg  mountain,  at  the  hcUid 
of  the  lake  of  Brientz,  of  which  I  have  given  a  de% 
scription  and  drawing  in  the  second  volume  of  my 
Travels  in  the  Tarentaise. 

The  strata  of  secondary  rocks  belonging  to  the 
same  formation,  frequently  preserve  nearly  the  sam6 
thickness  for  a  considerable  extent,  and  are  arcang^ 
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lably  over  each  other,  except  in  srtnations 
where  ttieir  regularity  liaa  been  disturbed  by  rents  or 
fVactnrea.  In  these  secondary  confonnable  strata, 
the  order  in  which  they  succeed  eucb  otiicr  indicxtes 
their  relative  ages  ;'  but  this  rule  cannot  be  exteadod 
to  all  claKscs  of  rocks. 

No  inference  can  at  first  appear  more  legitimate 
than  this  :  —  "  The  rock  which  supports  another  must 
be  older  than  that  which  rests  upon  it,  if  their  ori- 
ginal position  has  not  been  changed."  But  tliis  con- 
clusion, when  examined  with  attention,  will  fairly 
admit  of  doubt,  with  respect  tu  those  rocks  which 
are'crystalline  like  the  primary.  Tbcse  were  either 
formed  by  chemical  affinity  from  a  state  of  solutioo, 
or  by  crystallisation  ti-om  a  state  of  fusion  :<^  if  by 
the  Utter  mode,  all  the  different  beds  may  have  been 
arranged  at  the  same  time,  and  the  upper  and  lower 
rocks  may  have  a  contemporaneous  origin.  If  a 
mass  of  melted  matter  from  a  furnace  cool  slowly, 
the  internal  and  external  parts  will  vary  both  in  their 
physical  and  chemical  properties  ;  but  it  cannot,  on 
this  account,  be  said  that  the  lower  part  is  older  than 
the  upper.  But  strata  deposited  by  water  were  evi. 
deittly  formed  after  the  rocks  on  which  they  rest. 
Even  were  we  to  admit  the  subsequent  fusion  of 
granite,  it  existed  in  another  form  an  n  substratum 
of  the  upper  rocks,  as  these  must  always  have  bad  a 
fonndation.  It  has  been  before  observed,  that  tliose 
rocks  which  contain  different  species  of  organic  re- 
mains separated  by  strata  in  which  no  such  remains 
occur,  must  have  been  formed  in  succession  over  each 
other,  and  probably  at  very  distant  intervals  of  time. 
This  inference  appears  conclusive,  nor  can  it  be  in- 
validated by  the  crystalline  arrangement  and  cleavage 
of  some  of  those  rocks.* 

■  •  We  hove  reason  to  believe  ihal  niany  rocka  which  present  no 
ndicationa  of  stralificutioii,  were  originally  arran^eil  in  re^ulur 
itnts.  Id  some  limestone  rocks,  where  the  si  ratification  is  ex- 
idy  well  defined  by  diBiinct  partings,  there  occur  spaces  in 
-'-  (lUTerent  otrala  are  blended  into  one  mass. 
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Rocks  of  the  primary  class  frequently  cover  eacH 
other  in  an  order  which,  viewed  on  a  grand  sclile( 
may  be  said  to  be  conformable;  but  the  difftreni 
rocks  in  each  class  are  generally  of  such  vast  anit 
irregular  thickness,  that  their  order  of  succession  itf 
often  not  easy  to  trace :  beside,  some  of  these  rocktf 
pass  by  a  change  of  structure  into  each  other,  and 
their  line  of  junction  or  separation  can  seldom  focr 
observed.  Viewed,  however,  as  composing  mountaiif 
chains,  the  more  general  arrangement  is  represented 
Plate  III.  fig.  1.  Granite,  or  the  foundation  rookj-ir -;( 
gneiss^  b  ;  mica  slate,  c ;  common  slate  (called  c\^ 
slate) ;  dd.  The  transition  series,  c  c.  The  tower 
strata  with  coal,  f  f.  A  bed  of  limestone,  or  an^ 
other  rock,  in  a  slate  mountain,  is  represented^  tf  bl^L* 
in  this  position  it  is  said  to  be  imbedded ;  and  if  tt 
number  of  these  beds  occur  at  different  intervalsy 
they  are  said  to  be  subordinate.  A  bed  of  conglo- 
merate, composed  of  holders  and  fragments  of  thc^ 
lower  rocks,  as  at  g,  is  frequently  interposed  between 
slate  rocks  and  transition  limestone.  '    » 

The  unconformable  position  of  unstratified  rocktf 
is  represented  Plate  III.  fig.  2.,  where  a  mass  of 
porphyry  a,  ranging  from  c  to  c,  covers  the  POdki^ 
1,  2,  3,  without  any  conformity  to  the  inclination  o^ 
form  of  the  lower  beds.  The  lower  beds  are,  how* 
ever,  cut  through  by  veins  of  porphyry,  which  indiic^te 
that  the  porphyry  had  been  erupted  in  a  melted  staid 
through  these  veins,  and  poured  over  the  surface  <»f 
the  lower  rocks.  A  similar  arrangement  of  porphyry,' 
which  occurs  in  Norwayjivill  be  described  in  Chap,  I  A. 
Basalt,  either  massive  or  columnar,  frequently  cov^rd 
rocks  in  an  unconformable  position.  8ee  Plate  IIL 
fig.  2.  B,  dj  and  b.  i 

The  superincumbent  rocks  in  this  situation  ard 
evidently  of  more  recent  origin  than  those  which 


are  called  by  the  quarrymen  knobs,  and  are  more  hard  and  difficult 
to  work  than  the  stratified  limestone,  but  are  equally  gdod  in 
quality.  ' 
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they  cover:  the  lower  must  have  boon  tiard  and  un- 
yiefding  when  the  upper  were  thrown  upon  thera. 
If  a  thick  stream  of  lava,  as  frequently  happens,  were 
to  flciw  over  a  runye  of  conformable  rocks,  tilling  up 
the  cavities  and  in e*iiia lilies  of  the  surface,  —  whcD  it 
became  hard  by  cooling,  it  would  lorm  a  bed  of  super- 
incumbent unconformable  rock.  Such  instances  are 
cominon  in  volcanic  countries.  Very  extcuMve  ranges 
of  rockK  and  mountains  oc^ur  in  this  position  in  va- 
rious  parts  of  the  world,  not  only  coverinjf  tlie 
primaryt  but  the  secondary  rocks,  f  hese  will  here- 
after be  described  under  tlie  name  of  por[)hyry, 
neoHie,  and  ba<»a!t-  They  frequently  assume  tlie  co- 
luronar  structure,  and  sometimes  form  vast  ranges  of 
natural  pillars;  as  at  .Stalfa  one  of  the  Hebrides,  ou 
the  north  coast  of  Ireland,  in  Iceland,  Sicily,  and 
many  volcanic  countries. 

Having  described  the  position  of  botli  stratified 
and  uiistratitied  unconformable  rocks,  it  may  be  pro- 
per to  state,  that  the  latter  rocks  occur,  covering 
both  primary,  transition,  secondary,  and  tertiary  strata: 
tnaoy  of  those  which  cover  the  secondai-y  and  ter- 
tiary seem  evidently  to  have  been  the  products  of 
subterranean  fire ;  and  even  those  which  cover  the 
primary  and  transition  rocks  bear  a  close  affinity  Ut 
volcanic  rocks.  If  we  admit  that  our  loftiest  ranges 
of  mountains  were  elevated  by  the  expansive  force 
of  central  fires,  this  power  acting  ujion  an  extensive 
portion  of  the  globe  might  he  ages  in  upheaving  the 
iocumbent  surface,  which  would  continue  to  rise 
until  vast  fissures  were  made,  tlirough  which  the  sub- 
terranean melted  matter  would  be  thrown  over  the 
mountjiins  and  plains  then  existing,  and  form  the  au- 
perincumbent  nicks  of  bas.ilt,  porpiiyry,  and  stenite, 
that  seem  to  be  so  nearly  allied  to  volcanic  products. 
While  one  part  of  tlie  surface  was  rising,  another 
part  would  sink,  and  form  a  new  bed,  into  which  the 
waters  of  the  ocean  would  gradually  retire. 

According  to  Humboldt,  the  extraordinar)'  erup- 
by  which  new  islands  have  been  formed  since 
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Hke  period  of  authentic  histoiy,  have  beeh  precedefl 
by  a  swelling  of  the  sc^lened  crust  of  the  gLobe^ 
At  Kamenoi,  the  new  island  made  its  appeanace 
above  the  sea  twenty-six  days  before  the  smoke  was 
visible.  **  Every  thing  indicates  that  the  phjnsical 
changes  of  which  tradition  has  preserved  tlie  re- 
membrance, exhibit  but  a  feeble  image  of  thoae 
gigantic  catastrophes  which  have  given  mountaiiiB 
their  present  form,  changed  the  position  of  the  Tocky 
strata,  and  buried  sea-shells  on  the  summit  off  the 
higher  Alps.  It  was  undoubtedly  in  those  Temate 
times  which  preceded  the  existence  of  the  human 
race,  that  the  raised  crust  of  the  globe  produced 
those  domes  of  trappean  porphyry,  those  hills  €if  i  iso- 
lated basalt  in  vast  elevated  plains,  those  solid  niiclei 
covered  with  the  modern  lavas  of  the  Peak  of  Teno- 
riffe,  of  Etna,  and  Cotopaxi.'*— J^i^wfto/rf/. 

To  these  great  catastrophes,  and  to  vast  inunda- 
tions, and  in  some  cases  to  submarine  currents,  must 
we  ascribe  many  inequalities  of  the  earth's  surface,  the 
fracture  of  strata,  and  the  transport  of  the'  broken 
masses  and  fragments  into  distant  countries.  Tiie 
formation  of  valleys  constitutes  an  important  subject 
of  geological  research  :  it  will  be.reserved  for  a  aub^ 
sequent  part  of  the  volume  ;  but  it  may  be  useful  to 
state  to  the  geological  student,  that  all  stratified 
mountains  are  only  parts  of  extended  strata,  with 
which  they  were  once  united. 

This  will  be  more  distinctly  understood  by  con- 
sulting Plate  IV.  fig.  1.,  which  is  intended  to  repreaent 
the  general  rise  of  the  strata  from  Sheffield  in  York- 
shire to  Castleton  in  Derbyshire,  intersected  by  the 
valley  through  which  the  river  Derwent  flows. 

The  town  of  Sheffield,  fig.  1.,  is  built  over  coal 
strata,  which  rise  towards  the  west,  and  disappear  in 
that  direction  about  five  miles  from  Sheffield  (2). 
Here  the  under  rock  makes  it  appearance  (3),  which 
is  a  bed  of  coarse  gritstone,  more  than  one  hundred 
and  twenty  yards  in  tliickness,  forming  the  summits 
xif  all  the  mountains  as  you  advance  to  the  vale  of 
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lit  (4).  The  ^b-rock  rests  upon  .1  thicker  lied, 
ot'a different  kind,  chiefly  composed  of  iilaty  sandstone, 
represented  (.■5).  On  tlie  western  side  of  the  valley, 
'  te  grit-rock  (ii)  exists  only  as  a  cap  or  covering 
liWhio-Hill,  a  lof^y  mountain,  marked  ((i).  Two 
"  a  farther  west  tiie  grit-rock  disapjiears,  and  the 
y  sandstone,  which  is  the  base  of  Wiiin-Hill,  forma 
B  summit  of  the  celehrated  Mam  Tor,  or  the  Shiver- 
'  Mountain.  The  niodntaiti  limestone  (7)  hero 
kes  its  appearance  as  the  base  of  Mam  Tor,  and 
rther  west  tlie  same  limestone  forms  entire  nioun- 
The  diflercnce  observable  in  the  rocks  east 
St  of  theDerweiit,  is  owing  to  the  general  riae 
Dtbe  strata  in  the  latter  direction. 
jt  is  here  obvious,  that  Whin-Hilt,  though  it  ap- 
[  aa  isolated  mountain,  is  only  a  portion  of  the 
bck  beds  of  gritstone,  and  sluty  sandstone,  on  the 
|faer  side  of  the  valley. 

■It  deserves  notice,  thnt  isolated  caps,  like  that  on 
!  top  of  Whin-Hill,  fig.  6.,  often  occur  whore  we 
I  trace  no  similar  rocks  in  the  vicinity :  they  are 
betimes  tlie  only  remaining  reHcs  of  a  stratum  that 
been  destroyed,  and  removed  by  some  of  the 
at  catastrophes  that  have  changed  the  surface  of 
B  globe. 
^iWlien  valleys  take  the  same  direction  as  that  of  a 
;  of  mountains,  they  are  called  longititdinal  rat- 
when  they  cut  through  a  range  of  mountains, 
/  9.TG  caWeA  tra7isi'er sal  valleys :  in  the  latter  case, 
I  strata  on  each  side  of  tlie  valley  are  generally 
pie  Same. 

fcXhe  small  valleys  which  open  into  a  larger  valley 
(arly  at  right  angles  to  it  are  called  lateral  tvilleys. 
\  some  rare  instances,   a  valley  is  formed  by  the 
nding  of  the  strata,  which  make  a  trough  as  rcpre- 
nted  Plate  L  fig.  <^  c. 
^When  considerable  tracts  of  tlie  upper  strata  arc 
nting,  s»  between  a,  b,  Plate  1.  fig.  "i.,  it  is  sup- 
id  that  the  lower  strata  have  been  laid  l>are  by 
e  convulsion  that  lias  toni  ofi'  and  carried  away 
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the  strata  by  which  they  were  once  covered :  this 
constitutes  what  is  called  a  denudation*  InntaBcen 
pf  such  denudations  are  of  frequent  occurrence. 

Mountains,  except  those  formed  by  volcanos,  are 
seldom  isolated  masses  rising  from  a  plain,  but  they 
form  groups,  or  are  ranged  together  in  a  certain  di» 
rection,  and  compose  long  and  lofty  ridges,  denomi* 
nated  mountain  chains.  Lower  ranges  of  mountains, 
running  in  the  same  direction  as  the  principal  range, 
and  separated  by  valleys  of  greater  or  less  widtl^ 
may  be  observed  accompanying  almost  all  very  lofty 
mountain  chains.  This  fact  appears  to  indicate  the 
operation  of  a  powerful  elevating  force,  actii^  ia 
one  direction  along  a  certain  line,  and  decreasing  in 
intensity  as  the  distance  from  each  side  of  this liae 
increases  ;  but  this  action  does  not  appear  to  extend 
with  equal  force  on  both  sides  of  the  line,  for  the 
smaller  chains  parallel  to  the  great  chain  are  seldom 
so  numerous  on  one  side  of  it  as  on  the  othen  The 
principal  mountain  chain,  if  very  large,  has  its  sides 
furrowed  by  small  lateral  valleys,  and  has  not  been 
unaptly  compared  to  a  back-bone  or  spine,  with  di- 
verging ribs. 

The  shape  of  many  countries  and  islands  is  evu 
dently  determined  by  the  direction  of  the  grand 
mountain  chains  that  run  through  them. 

The  principal  mountains  in  Europe  and  Asia^ 
when  viewed  on  a  large  scale,  may  be  considered  as 
forming  a  mountain  chain  composed  of  numerous- 
mountain  groups,  and  extending  in  an  easterly  di- 
rection from  Cape  Finisterre  in  Spain,  to  the  most 
eastern  extremity  of  Asia.  Various  parts  of  this 
chain  receive  different  denominations  in  the  different 
countries  through  which  they  pass.  The  Pyrenees^ 
the  Alps,  Mount  Taurus,  Mount  Caucasus,  the  Al- 
taic, and  the  Himmaleh  mountains,  and  the  Yab« 
lonnoy  mountains  of  Tartary,  which  extend  nearly  to 
Behring's  Straits,  may  be  regarded  as  forming  to- 
gether one  immense  mountain  chain,  and  dividing 
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northerTi  from  tlie  soutliem  dry  land,  both  in  Eu- 
rope anil  Asia. 

In  North  and  South  America  one  unbroken  chain 
of  mountains  nms  in  a  northerly  and  sonlheriy  di- 
rection (or  eight  thousand  miles,  near  the  western 
sid*^  oi'  that  vast  continent,  and,  with  some  minor  di- 
verpnf*  chains,  has  evidently  determined  the  general 
outline  oCboth  countries. 

A  remarkable  similarity  occurs  in  the  position  of 
the  escarpments  or  steep  si<les  of  mountainfi  in  the 
same  mountain  rnn^e.  various  opinions  have  been 
formed  respecting  the  law  which  the  position  of  the 
escarpments  appears  to  follow,  but  I  believe  the  nile 
I  submitted  to  tlie  attention  of  gcolo^sts  in  the  first 
edition  of  tills  work,  will  be  found  to  approximate  to 
the  truth. 

Mountain  chains  or  ranges  present  the  steepest 
declivities  on  the  sides  nearest  to  the  sea.  'Ihis 
is  remarkably  the  case  in  the  long  chain  of  the 
Alleghany  nioiuitains  on  the  eastern  side  of  America, 
which  are  steep  towards  the  Atlantic.  On  the  con- 
trary, the  Stony  Monntains,  which  nm  near  the  north- 
west  coast,  and  the  Andes,  near  the  southeni  Pacific 
Ocean,  are  steepest  on  their  western  side.  In  ranges 
of  mountains  that  form  the  boundaries  of  lakes  or  of 
extensive  vales,  through  which  large  rivers  flow,  the 
mountains  nearest  to  the  riven*  have  the  steepest 
declivities.  The  largest  rivers  have  their  origin  from 
the  sides  of  mountain?)  which  arc  most  inclined  to 
the  hOTizon,  and  most  remote  from  the  sea. 

The  beds  or  strata  of  very  lofly  mountains  arc 
generally  much  inclined,  and  are  sometimes  nearly 
vertical.  Among  these  highly  inclined  beds,  we  not 
unfrequently  observe  beds  of  limestone  containing 
marine  shells,  which  must  have  been  originally  depo- 
sited at  the  bottom  of  the  ocean.  In  some  instances  we 
meet  with  vertical  strata,  containing  rounded  pebbles 
and  water-worn  fragments  of  other  rocks;  these 
must  also  have  been  originally  deposited  on  a  surface 


I 
I 


^^^|early  horizontal :  we  are  tlierefore  certain,  that  the        ^^ 
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present  vertical  position  of  these  strata  is  not  thra: 
original  one,  and  we  hence  also  learn,  that  all  the 
strata  associated  with  them  in  the  same  mountain, 
and  having  the  same  inclination,  were  raised  together; 
We  have  further  proof  that,  before  the  epoch  when 
this  great  revolution  was  effected,  all  these  beds  were 
covered  by  the  seas  then  existing,  and  it  was  under 
the  ocean  that  the  change  of  position  took  place. 

No  person  who  reflects  on  the  appearances  pre« 
sented  in  a  mountainous  district  can  believe  that  the 
broken  and  elevated  beds,  the  peaked  summits^^  die 
impending  cliffs,  and  the  immense  fragments  of  roek 
»;attered  in  the  valleys  and  adjacent  countrie8i><wen| 
originally  created  and  placed  as  we  now  observie 
them.  'r-  .♦>•! 

The  traveller  who,  in  crossing  an  extended  deserl^ 
should  meet  with,  the  remains  of  some  unknowq 
temple,  could  not  for  a  moment  doubt  that  di6 
broken  and  prostrate  columns,  the  mutilated  archsi^ 
the  scattered  capitals  and  inscriptions,  had  heetk 
removed  by  some  devastating  cause  from  their  oii^ 
g}nal  position ;  nor  is  the  proof  le^s  certain,  that  the 
rocky  pavement  of  our  globe  has  been  broken,  and 
its  parts,  which  were  once  united,  widely  separated 
from  each  other.  Some  of  the  phenomena  we  ob- 
serve in  mountains  were  produced  by  the  disturbing- 
force  which  first  elevated  them;  others  have  been 
subsequently  effected  either  by  vast  inundations,  oir 
by  torrents  that  have  torn  away  considerable  porticma 
of  the  softer  beds,  or  by  the  more  gradual  deconk: 
position  and  disintegration  produced  by  atmospheric 
influence ;  by  the  latter  cause,  the  lofty  and  exposeij: 
peaks  and  escarpments  of  rocks  are  constantly  weam 
ing  down.  iv 

During  the  two  summers  I  passed  in  the  Alps,  I 
was  much  struck  with  the  circumstance,  that  all  the 
great  openings  or  passages  over  these  mountains, 
called  ColSf  were  made  by  excavations  in  beds  of 
soil  slate  i  and  the  fact  I  think  admits  of  an  easy 


QRANITIC   AIGUILLES. 


77 


pianation,  but  I  do  not  know  Uint  it  lias  been 
beJbri!  remarked  by  geologists. 

If  we  suppose-  u  portion  of  the  Alps  to  be  repre* 
sentetl,    Plate  II.  tig.  2.,  the  dotted  lines  above  tho 

firesent  surface  will  mark  the  supposed  oripnal  prft. 
ongatiou  of  the  different  Ijt'ds  at  the  period  when 
they  were  raised.  As  the  ocean,  from  whence  these 
lieds  were  raised,  must  have  been  agitiiled  with 
inconceivable  violence,  the  retiring  watcni  would 
scoop  out  deep  excavations  in  the  softer  beda  of 
schist,  and  also  tear  off  many  of  the  vertical  plates  of 
the  hardest  rocks,  and  form  the  rudiment  of  tJitae 
pyramidal  peaks  and  aiguilles,  which  rise  like  the 
spires  of  a  Gothic  cathedral.  Mountain  torrents, 
caused  by  tliunder-stomis  or  the  sudden  melting  of 
aJpine  snow,  may  have  subsequently  torn  away  large 
portions  both  of  the  harder  and  softer  beds:  the 
disintegration  of  the  granitic  aiguilles  which  are 
exposed  to  the  influence  of  atmospheric  agency  is 
daily  taking  place,  and  their  ruins  are  every  day 
ikiliug  on  the  surface  of  the  glaciers,  and  are  carried 
down  into  the  valleys:  their  peculiar  forms  are  de- 
rived from  their  laminated  structure,  which  disposes 
them  to  split  in  a  vertical  direction." 

It  is  important  to  observe,  that  different  groups 
and  ranges  of  mountains  have  been  elevated  at  differ- 
ent and  remote  epochs,  and  the  birth  of  different 
pails  of  the  same  continent  was  not  coeval :  the 
more  lofly  parts  constituted  separate  islands,  before 
tlje  whole  surface  emerged  from  the  ocean.  Satis- 
factory  evidence  of  this  will  be  adduced  in  a  subse- 
quent part  of  this  work  :  it  is  sufficient  to  the  present 
purpose  to  state,  that  the  ocean  has  covered  all  that 
is  now  dry  land,  but  not  at  the  same  epoch. 

*  Flate  IL  fie.  2.  repreieM*  the  general  position  of  the  bed)  near 
the  Col  <le  Balme  and  Mont  Blanc ;  a  a  a,  alternating  bcids  of 
sandstone  and  limcitonc ;  b  h,  elevated  beds  of  puddingiitone,  con- 
taining rnunded  stones  and  fragments  of  the  tower  rocks  ;  er,  soft 
slate,  in  which  a  pasMige  or  cul  is  formed ;  ddtt,  vertical  granitic 
bwb  riiiM' in  pyramidal  forms,  called  Aiguillei  or  Needlea. 
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CHAP.  V. 

ON  ROCKS  DENOMINATED  PRIMARY,  AND  THE 
CHANGES  TO  WHICH  THEY  HAVE  BEEN  SUB- 
JECTED. 

Tlie  Origin  of  Rocks  called  Primary  believed  bv  many  GeoIo^istB 
to  be  Igneous.  —  A  Classification  founded  on  this  View.  —  A^^ai- 
sification  independent  of  Theory.  —  Constituent  Minends.  <if 
Granite.  —  Varieties  of  Granite.  —  Structure  and  Appwuiyf 
of  Granitic  Mountains.  —  Mont  Blanc,  and  the  Aiguilles  i^  its 
Vicinity.  —  Localities  of  Granite.  —  Granite  Veins.  —  F&ssace 
<»f  Granite  into  Porphyry  and  Sienite. —  Minerals  found  iii  Giit- 
nite.  —  On  Granite  as  the  Foundation  Rock  on  which  other 
Rocks  are  laid.  —  The  relative  Antiquity  of  different  Gjcai^ljp 
Mountain  Ranges.  —  Granite  pierced  through  by  Porphyry  and 
Currents  of  Lava.  —  Granite  sometimes  protruded  among  thb 
upper  Strata.  r 


In  describing  the  d^erent  classes  of  rocky  we  may  eiiher  ownynig 
unth  the  lowest  or  most  ancient,  or  with  the  upperm^  or  nwtt 
recent;  but  I  am  persuaded  that  the  student  will  find  it  mosi  'con^ 
venieni  to  begin  wUh  the  lowest^  and  proceed  in  an  ascending  series  to 
ih^uppermosL  The  rocks  called  primary  have  itisOnctfy  musHud  «ii- 
nercU  characters^  and  contain  fewy  if  any^  organic  renusins*  ^fk^ 
student  proceeds,  he  may  trace  the  first  indications  qforgasUe  exieteifeSf 
and  in  ascending  to  the  upper  rocks,  he  will  observe  the  gradual  M- 
crtOM  cf  genera  and  species  that  have  left  their  remains  m  Ae  d^ 
ferent  beds;  in  some  cases  indicating  great  changes  m  the  oomdiOm^ 
of  parts  of  the  globe,  as  from  sea  to  land,  or  from  scUt  water  tofreskf 
or  from  deep  to  shallow  seas.  If  the  student  begin  with  the  moDf 
recent  or  uppermost  strata,  he  will  find  them  difficult  to  recognise  by 
fixed  mineral  characters,  and  he  will  be  confused  by  the  variety  ef 
arganse  speri/n  presented  to  his  notice,  but  from  which  he  can  deriSe 
Hide  instruction,  until  he  be  able  to  compare  them  with  the  fossil  rs- 
mains  in  /Ae  lower  strata.  In  the  geologiccd  description  rfapastkuiar 
country  or  district,  it  may  often  be  more  convenient  to  commence  wil^ 
the  beds  nearest  ike  surface,  and  proceed  in  a  descending  series,  bdt 
then  the  reader  is  supposed  to  be  already  acquainted  with  the  srienes. 


If  any  rocks  can  with  propriety  be  denominated 
primary  or  primitive,  they  are  those  which  are  most 
widely  spread  over  the  globe  in  the  lowest  relative 
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situation,  and  which  contain  no  remains  of  organic 
existence.  Priraary  rocks  are  supposed  by  geologists 
to  constitute  the  foundation  on  which  rocks  of  all  the 
other  classes  are  laid ;  and  if  we  take  an  enlarged 
view  of  the  structure  of  the  globe,  we  may  admit  this 
to  be  the  fact,— but  the  admission  requires  certain 
limitations.  The  same  causes  that  have  produced 
granite  and  the  other  primary  rocks  in  immense 
masses  below  all  other  rocks,  have  in  some  situations 
reproduced  them  in  smaller  masses,  covering  rocks 
belonging  to  the  transition  or  secondary  classes. 

Granite,  for  instance,  which  has  been  regarded  as 
the  most  ancient  of  all  known  rocks,  has  been  some* 
times  found  covering  secondary  rocks,  and  some- 
tfmes  obtruded  between  them.  Facts  of  this  kind 
are  rare,  and  can  only  be  explained  by  admitting  that 
granite,  like  volcanic  rocks,  has  once  been  in  a  state 
of  fusion,  and  was  protruded  in  this  state  through  the 
upper  rocks.  Similar  facts  are  observed  with  respect 
to  other  primary  rocks,  which  are  believed  to  be  of 
igneous  formation. 

Indeed,  if  the  science  were  sufficiently  advanced 
to  enable  us  to  pronounce  with  absolute  certainty  on 
the  agents  by  which  rocks  were  formed,  a  more 
intelligible  arrangement  might  be  substituted,  than 
one  founded  on  their  relative  ages ;  it  might  be  conv 
prised  in  three  great  divisions :  — 

Class     I.  Rocks  qf  igneous  Formation. 

Class    II.  Rocks  qf  aqueous  Formation. 

Class  III*  Conglomerates^  andmecftanical Formations. 

These  would  admit  of  distinct  subdivisions  :  — 

Class  L  a.  Rocks  that  have  been  fused  and  con- 
solidated without  ever  having  flowed 
as  lavas. 

b.  Rocks  that  have  been  fused  and  pro- 

truded through  the  solid  covering  of 
the  globe. 

c.  Rocks  that  have  been  greatly  modified 
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by  heat,  but  which  ware  ori^idly 
aqueous  depositions. 
Class   II.  a.  Marine  formations. 

b.  Freshwater  formations. 
Class  III.  a.  Ancient  conglomerates. 

h.  Recent  conglomerates. 

Each  of  these  divisions  would  comprise  rocks  of 
different  relative  ages ;  that  of  rocks  of  the  first  class 
would  be  determined  by  their  position ;  those  of  the  '■ 
second  and  third  classes  by  their  order  of  successioDj- 
and  the  organic  remains  in  each.* 

I  shall  now  proceed  to  describe  the  rocks  deno*  * 
minated  primary,  without  any  reference  to  theory  j-i 
and  shall  propose  an  arrangement  of  them  that  wil^  -^. 
I  trust,  be  found  conformable  to  the  present  stute  c€' 
the  science. 

Primary  rocks  are  chiefly  composed  of  the  haini  - 
minerals,  quartz,  felspar,  and  hornblende ;  the  mineralsi 
mica  and  talc,  are  disseminated  in  smaller  proportions^  • 
and  limestone  and  serpentine  occur  in  beds  or  masses^  * 
but  less  frequently  than  the  above-named  minerals. 
If  we  refer  the  slate  rocks  to  the  transition  class,  the 
few  simple    minerals    here    enumerated    constitute 
nearly  the  whole  of   the   mountains  denominatdd 
primary. 

*  Such  an  arrangement  might  be  objected  to,  as  resting  too  much 
on  theory  ;  and  the  fate  of  the  Wernerian  system  ought  to  caution 
us  against  founding  systems  of  classification  on  theoretical  Yiews 
respecting  the  formation  of  rocks.  The  following  rocks,  acoordiv 
to  the  evidence  at  present  obtained,  might  be  referred  to  the  dit* 
ferent  divisions  of  the  first  class  ;  and  it  may  be  useful  to  bear  this 
in  mind,  without  yielding  implicit  assent  to  the  theory  that  they 
are  all  igneous  formations;  yet  it  must  be  allowed,  that  such  a 
mode  of  formation  will  satisfactorily  account  for  many  poaitiooa  in 
which  tliese  rocks  occur,  that  appear  inexplicable  by  any  other 
theory. 

Supposed  igneous  Bocks,  —  All  varieties  of  granite,  gneiss,  and 
mica  slate ;  —  all  varieties  of  porphyry  and  felspar  rocks ;  —  all 
varieties  of  hornblende  rocks  and  serpentine ;  —  all  basaltic  or 
trap  rocks ;  —  all  ancient  and  recent  lavas. 

In  subdivision  c,  slate  rocks,  clay-slate,  and  crystalline  lime- 
stone, imbedded  in  igneous  rocks. 


V  il^be  structure  of  primary  rocks  is  crystalline ;  they 
fbrm  the  central  parts  of  the  most  elevated  moun- 
tain  chains,  and  they  occur  also  at  the  lowest  diepths 
that  have  yet  been  explored,  and  are  hence  believed 
to  be  the  most  anaent  of  rock  formations. 

Werner  has  enumerated  fourteen  primary  rocks; 
but  as  some  of  these  have  only  been  found  hitherto 
hi(  OM  place,  it  appears  improper  to  consider  them  as 
distinct  orders,  unless  we  arrange  every  variety  of 
reck  in  the  same  manner,  and  increase  the  number  of 
opi^rs^  indefinitely. 

The  following  arrangement  of  primary  rocks  in- 
dv^el»ontly  three  principal  rocks  as  primaiy —  granite, 
g^eia9».and  mica  slate,  which  are  nearly  allied  to 
gl^tikc^  and  form  an  incrustation  over  it:  these  never 
fipptjiUl  organic  remains,  and  they  have  rarely  been 
observed  lying  over  other  rocks  in  which  such  re- 
mpiilia  ai«  found.  It  comprises  also  the  rocks  which 
are  sometimes  found  imbedded  in  granite,  gneiss,  and 
mica  slate^  and  are  regarded  as  subordinate  fbrm- 
atioiis* 

Class  I. 

■ 

Principal  Rocks  denominated  Primary. 

Xm  Granite,  comprising  ail  the  varieties  of  this 
rock,  and  small-grained  granite  passing  into 
porphyry,  the  Eurite,  of  the  French  geologists, 
primitive  porphyry  of  the  Germans. 

S.  Gneiss  or  slaty  granite. 

3.  Mica  slate. 

''  Subordinate  Rocks  which  occur  among  Primary. 

Hornblende  rock. 
Serpentine. 
Crystalline  limestone. 
Quartz  rock. 

>Some  of  these  subordinate  rocks  occur  also  among 
rocks  of  the  transition  class. 
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The  three  principal  rocks  of  the  primary  cla«B.- 
granite,  gneiss,  and  mica  slate,  —  might,  with  pro- 
priety, be  regarded  as  belonging  to  one  forma^ioiu 
They  are  essentially  composed  of  the  same  minerala 
varying  in  different  proportions,  and  are  rather  inodea 
of  the  same  rock  than  different  species.  They  pass 
by  gradation  into  each  other,  as  one  or  other  of  their 
constituent  minerals  become  more  or  less  abundant; 
they  alternate  with  each  other  in  various  situatiomit 
ana  may  be  regarded  as  contemporaneous.  It  iVAy, 
however,  for  the  convenience  of  description,  be  prq^ 
per  to  treat  of  each  separately. 

Rocks  of  tfie  first  Class. 

Granite  is  considered  as  the  foundation  rocka  on 
which  slate  rocks  and  all  secondary  rocks  are  1^4. 
From  its  great  relative  depth,  granite  is  not  frequently 
met  with,  except  in  alpine  situations,  where  it  appears 
to  have  been  forced  through  the  more  superficial 
covering  of  the  globe.  Where  granite  rises  above 
the  surface,  the  beds  of  other  rocks  in  the  same  dis- 
trict generally  rise  towards  it,  and  their  angles  of 
elevation  increase  as  they  approach  nearer  to  it* 
Granite  is  composed  of  the  three  minerals  described 
in  the  third  chapter,  —  quartz,  felspar,  and  mica,  — 
which  are  more  or  less  perfectly  crystallised,  and 
closely  united  together. 

The  three  minerals  of  which  granite  is  composed 
vary  much  in  their  proportions  in  different  granitic 
rocks,  and  oflen  in  specimens  from  the  same  rock  the 
crystals  are  large,  or  small,  or  equally  intermixed,  in 
one  part,  and  in  another  part,  quartz  or  felspar  greatly 
predominates.  Some  granites  are  composed  of  small 
grains,  and  have  large  crystals  of  felspar  interspersed; 
these  are  denominated  porphyritic  granites.     Stones 

•  Some  writers  derive  the  name  from  geranites,  a  word  used  by 
Pliny  to  denote  a  particular  kind  of  stone ;  others,  with  more  pro- 
bability, suppose  that  the  name  originated  from  its  granular  struco: 
ture,  or  the  grains  of  which  it  is  composed. 
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of  this  kind  are  common  in  the  foot-pavements  of 
London.* 

Felspar  constitutes  by  far  the  largest  part  of 
granite:  the  more  common  colours  are  white  and 
red;  it  is  sometimes  in  a  soft  or  decomposing  state, 
and  appears  earthy.  In  some  granites  the  crystals  of 
felspar  are  distinctly  formed.  Quartz  generally  occurs 
in  small  irregular  shaped  grains,  which  have  a  vitre« 
ous  lustre.  The  mica  in  granite  occurs  most  com* 
monly  in  small  shining  scales,  which  are  generally 
either  black,  or  whitish  and  silvery.  It  sometimes 
occurs  in  large  hexagonal  plates;  but  this  is  more 
commonly  the  case  in  the  granite  that  forms  veins  in 
granitic  mountains ;  such  veins,  with  large  plates  of 
mica,  are  frequent  near  Aberdeen,  in  Scotland.  Mica 
readily  separates  or  divides  into  thin  transparent 
laminae ;  and  where  the  plates  are  very  large,  as  in 
the  Siberian  granite,  it  is  used  instead  of  glass  for 
windows.  This  variety  is  improperly  called  Muscovy 
talc.  Talc  resembles  mica,  but  is  much  softer.  When 
the  grains  of  felspar  and  other  minerals  are  very 
minute  in  granite,  it  can  scarcely  be  distinguished 
from  sandstone. 

Beside  the  three  minerals,  quartz,  felspar,  and 
mica,  which  were  formerly  considered  as  the  essential 
constituent  parts  of  all  true  granite,  whoever  has 
attentively  examined  various  granitic  districts,  must 
have  frequently  observed,  that  other  minerals  occupy 
the  place  of  mica,  either  in  part  or  entirely.  Thus 
near  the  summit  of  Mont  Blanc,  the  granite  is  com* 
posed  of  felspar,  quartz,  and  talc  or  chlorite,  the 

*  Specimens  of  Cornish  and  Scotch  granites  are  not  difficult  to 
procure  in  London,  as  they  are  commonly  used  for  paving-stones 
In  the  former  the  felspar  is  white  ;  the  mica  appears  like  glistening 
scales  which  have  a  tarnished  semi- metal  lie  lustre.  The  quartz 
has  a  vitreous  appearance,  and  is  of  a  light  grey  colour.  In  Scotch 
granite  the  felspar  has  more  commonly  a  reddish-brown  colour. 
The  mica  is  not  unfrequently  black  and  splendent,  and  may  be 
divided  into  thin  scales  by  the  point  of  a  penknife:  this  distin- 
guishes it  from  hornblende,  w^hich  is  sometimes  intermixed  with 
thb  granite. 
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latter  mineral  supplying  the  place  of  mica.  To  this 
variety  of  granite  the  name  of  protogine  has  impro- 
perly been  given,  whereas  talct/  or  chloritic  granite 
would  at  once  convey  a  distinct  idea  of  its  nature. 
In  some  instances,  hornblende  supplies  the  place  o£ 
mica,  or  is  intermixed  with  it.  To  this  rock  the 
name  of  sienite  was  given,  because  a  granitic  rock  of 
this  kind  from  Sienna,  in  Upper  Egypt,  was  rouoh 
•  used  by  the  ancients  for  obelisks. 

The  following  varieties  of  granite  are  often  associ- 
ated in  the  same  granitic  moimtains,  and  may  be 
regarded  as  contemporaneous  with  it,  being  essentially 
the  same  rock,  accidentally  modified  by  an  admixture 
with  other  simple  minerals. 

Common  Granite. — The  felspar,  white  or  red,  com- 
posed of  quartz,  felspar,  and  mica. 

Porpkyritic  Granite^  in  which  large  crystals  of 
felspar  occur  in  a  small-grained  granite.  The  granite 
near  Shap,  in  Westmoreland,  offers  an  excellent  type 
of  this. 

Sienite  or  Sienitic  Granite^  in  which  hornblende, 
either  wholly  or  in  part,  supplies  the  place  of  mica. 
The  granite  of  Malvern,  and  the  Charnwood  JForest 
hills  afibrd  specimens  of  this  granite. 

TaJcy  or  Chloritic  Granite.  —  Quartz,  felspar,  and 
talc  or  chlorite.  Many  of  the  granitic  mountains 
in  Savoy  are  composed  of  this  granite ;  and  loose 
blocks  of  it  are  scattered  over  the  vallevs  and  on  the 
sides  and  summits  of  the  calcareous  mountains,  in  the 
countries  to  the  north  and  nortii-west  of  the  Alps. 
This  granite  is  by  some  writers  called  protogine. 

Felspathic  Granite^  in  which  the  felspar  is  the 
principal  ingredient,  and  the  quartz,  and  particularly 
the  mica,  very  rare ;  larger  crystals  of  felspar  occur 
in  it.  It  is  frequently  nearly  white.  To  this  variety 
Werner  has  given  the  name  of  white  stone,  and 
the  French,  eurite.  It  occurs  in  beds  in  common 
granite  in  Cornw^all.  In  its  most  compact  form,  it 
becomes  a  porphyry,  and  is  closely  allied  to  volcanic 
rocks  in  Auvergne.     Indeed  the  common  granite  of* 
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bvergne  I  observed  to  be  chiefly  composed  of 
felspar  and  quartz  without  mica;  in  soiuc  parts,  thu 
mica  was  replaced  by  tht!  mineral  called  pinite. 

Granite  occurs  in  masses  of  ^-ast  thickness,  which 
are  communly  divided  by  fissures  into  blocks,  that 
approach  to  rhomboidal  or  pretty  regular  polyhedral 
Ibrras.  Sometimes  a  columnar  structure  may  be 
abser\'ed  iu  granitic  mountains ;  in  other  iiiHtancca, 
where  tlie  quantity  of  mica  is  considerable,  granite 
divides  into  parallel  layers  or  plates,  that  have  been 
mistaken  for  strata.  Granite  is  occasionally  tbund 
in  globular  masses,  which  are  composed  oi'  con- 
centric spherical  layers,  separated  by  granite  of  a  lew 
compact  kind,  and  enclosing  a  hard  or  central  na- 
cleits.  These  globular  masses  are  often  three  or 
Ibur  yards  or  more  in  diameter,  and  are  either  de- 
tached or  imbedded  in  granite  of  a  softer  kind  ;  this 
structure  is  not  peculiar  to  granite. 

The  aspect  of  granitic  mountains  is  cxtrenidy 
various :  where  the  beds  are  nearly  horizontal,  or 
where  the  granite  is  soft  and  disintegrating,  the 
summits  are  rounded,  heavy,  and  unpicturesque. 
Where  hard  and  soil  granite  are  intennixed  in  the 
same  mountain,  the  softer  granite  is  disintegrated 
and  falb  away,  and  the  harder  blocks  remain  piled 
in  confusion  on  each  other  like  an  immense  mass 
of  ruins.  Where  tlie  granite  is  hard,  and  the  beds 
arc  nearly  vertical,  and  have  a  laminar  structure,  it 
fonns  lofty  pyramidal  peaks  or  aiguilles,  that  rise  in 
enormoQs  spires ;  such  are  the  aiguilles  in  the  vi- 
cinity of  Motit  Blanc,  which  arc  far  more  interesting, 
both  to  the  picturesque  traveller  or  the  geologist, 
than  Mont  Blanc  itself.  The  Aiguille  de  Dru  is, 
perhaps,  the  most  remarkable  granitic  mountain  at 
present  known  ;  the  upper  part,  or  spire,  rises  above 
its  base  nearly  to  a  point  in  one  solid  shaft  more  than 
four  thousand  feet;  the  summit  is  eleven  thousand 
fl-et  above  the  level  of  the  sea.' 

•  A  ihort  ilescnption  iif  this  inountnin,  with  n  platp,  U  given  in 
lite  2d  votume  of  "  Travdn  "  by  the  authi»'. 
o  3 
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It  has  been  observed  in  so  many  situations,  that  it 
may  perhaps  be  regarded  as  a  general  law,  —  where- 
ever  granite  rises  high  above  the  surfoce  of  the  earth, 
the  strata  of  limestone  or  other  rocks  in  its  vicinity 
rise  towards  it  Numerous  instances  of  this  occur  in 
the  Swiss  Alps.  In  the  higher  part  of  the  valley  of 
Lanterbrun,  in  the  Canton  of  Berne,  I  have  seen  a 
bed  of  limestone  in  immediate  junction  with  granite^ 
in  a  perfectly  vertical  position,  like  a  wall  built  up 
against  it;  but  both  rocks  were  cemented  together 
without  any  perceptible  line  of  parting.  The  lime- 
stone was  extremely  hard,  but  the  parts  in  immediate 
contact  with  the  granite  did  not  differ  in  appearance 
from  the  other  parts  of  the  bed. 

In  many  of  the  highest  mountains  in  the  northern 
or  Swiss  Alps,  granite  is  only  seen  near  their  bases ; 
the  summits  are  composed  of  immense  beds  of  lime- 
stone, and  secondary  stratified  rocks.  In  the  southern 
chain,  or  the  Savoy  Alps,  the  highest  summits  are 
granite;  indeed  the  highest  known  point  at  which 
granite  has  been  observed  in  any  part  of  the  world 
is  Mont  Blanc  in  Savoy,  the  loftiest  mountain  in  Eu- 
rope, rising  fifteen  thousand  six  hundred  and  eighty 
feet  above  the  level  of  the  sea,  or  nearly  five  times 
higher  than  any  mountain  in  England  or  Wales.  It 
was  first  ascended  by  Dr.  Pacard  in  I786,  and  after- 
wards by  Saussure,  who  has  published  a  very  in- 
teresting account  of  his  ascent.  Several  persons 
have  since  ascended  this  mountain,  but  Saussure  is 
the  only  traveller  who  has  given  us  any  information 
respecting  its  structure.  I  shall  therefore  insert  a 
brief  account  of  his  observations ;  they  are  highly 
interesting.  He  set  out  from  the  priory  of  Cha- 
mouni,  from  whence  the  distance  to  the  summit  of 
the  mountain,  in  a  direct  line,  is  not  more  than  two 
French  leagues  and  a  quarter:  but  owing  to  the 
difficulty  of  the  ascent,  it  requires  eighteen  hours* 
continued  labour,  exclusively  of  the  time  necessary 
for  repose  and  refreshment  The  first  day's  journey 
was  comparatively  easy,  the  route  being  over  soil 
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?red  with  vegetation,  or  bare  rocks.  The  ascent 
on  the  second  day  was  over  snow  and  ice,  and  more 
diSioitt:  at  four  o'clock  in  the  afternoon  of  the 
same  day,  Saussiire  and  hi3  attetidaiits  pitched  their 
tent  on  the  second  of  the  three  great  plains  of"  »now 
which  tliey  iiad  to  traverse.  Here  they  passed  tlie 
night,  fourteen  hundred  and  fifly-five  toises  (or  three 
tlwusand  one  hundred  yards)  above  the  level  of  the 
sea,  and  ninety  toises  higher  than  the  I'cak  of  Tene- 
riiFe.  The  barometer  Rt<K>d  at  seventeen  inches.  The 
next  morning  they  proceeded  with  much  difficulty 
and  fatigue,  arising  principallv  from  the  extreme 
rarity  of  the  atmosphere,  whicfi  affected  their  respir- 
ation. The  upper  parts  of  Mont  Blanc  an*  above 
the  limitA  of  peqietual  snow,  and  it  is  only  on  the 
sides  of  the  nearly  perpendicular  peaks  and  escarp- 
ments that  the  bare  rock  is  vuible.  They  gained  the 
summit  by  eleven  o'clock  A.  M.  '*  From  this  ele- 
vated observatory,"  says  Saussure,  "  I  could  take  in 
at  one  view,  witliout  changing  my  place,  the  whole  of 
the  grand  phtenomenon  of  these  mountains  ;  namely, 
the  position  and  arrangement  of  the  beds  of  which 
Ihey  are  composed.  Wherever  I  turtied  my  eyes, 
tlie  beds  of  rock  in  the  chains  of  secondai-y  moun- 
tainti,  and  even  in  the  primary  mountains  of  the  se- 
cond order,  rise  toward  Mont  Blanc  and  tlie  lody 
summits  in  its  neighbourhood :  the  escarpments  of 
these  beds  of  rock  were  all  facing  Mont  Blanc,  but 
beyond  these  chains  were  others  whose  escarpments 
were  turned  in  a  contrary  direction.  Notwithstand- 
ing the  irregularity  in  the  forms  and  distribution  of 
the  great  masses  that  surround  Mont  Blanc,  and 
those  which  constitute  tlie  mountain  itself,  I  could 
trace  some  features  of  resemblance  not  less  certain 
than  important.  All  the  masses  which  I  could  see 
were  composed  of  vertical  plates  {feuiUtls),  and  tlie 
greater  part  of  these  plates  were  ranged  in  the  same 
direction,  from  north-east  to  soutli-wcst.  I  had  par- 
ticular pleasure  in  observing  the  same  structure  in 
the  lofty  peak  of  granite  called  the  Cot  dit  Midi, 
~  G  4. 
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which  I  had  formerly  endeavoured,  but  in  vain,  to  ap- 
proach, being  prevented  by  inaccessible  walls  of  gra- 
nite. After  the  second  day's  ascent,  this  lofty  pinnacle  ^ 
was  beneath  me  ;  and  I  fully  convinced  myself  that 
it  is  entirely  composed  of  magnificent  plates  (lames) 
of  granite,  perpendicular  to  the  horizon,  and  ranging 
from  east  to  west  I  had  formerly  been  induced  to 
believe  that  these  plates  were  folded  round  the  peak, 
like  the  leaves  of  an  artichoke,  but  this  was  an  opti- 
cal illusion,  when  seen  imperfectly  from  below:  here, 
where  the  eye  could  as  it  were  dart  down  into  the 
interior  structure  of  the  mountain,  the  plates  of  rock 
appeared  regularly  parallel  in  a  direct  line.  I  was 
also,"  says  Saussure,  ^*  particularly  desirous  of  ascer- 
taining whether  tlie  vertical  beds  were  composed 
of  the  same  substances  at  their  summits  as  at  their 
bases,  where  I  had  so  frequently  inspected  them; 
and,  I  am  perfectly  satisfied,  from  actual  examination, 
that  they  preserve  the  same  nature  through  their 
whole  extent,  and  are  the  same  at  the  summit  as  be- 
low." *     Voyages  dans  les  Alpes,  tom.  iv. 

The  inference  drawn  by  Saussure,  respecting  the 
vertical  position  of  the  beds  of  granite  that  compose 
a  principal  part  of  Mont  Blanc  and  the  adjoining 
mountains,  is,  that  they  were  originally  horizontal, 
and  have  been  subsequently  elevated  by  some  tre- 
mendous convulsion  of  nature.  The  summit  of 
Mont  Blanc,  he  says,  must  at  one  time  have  been 
more  than  two  leagues  under  the  surface.  .  To  the 
same  convulsion  he  also  attributes  the  position  of  the 
escarpments  or  steep  sides  of  the  rocks  which  lace 
Mont  Blanc  for  a  considerable  extent,  and  then  turn 

*  The  extreme  fatigue  and  exhaustion  which  Saussure  expe- 
rienced during  the  ascent  of  Mont  Blanc,  is  supposed  to  have 
abridged  the  life  of  this  active  and  intelligent  philosopher.  It  may 
amuse  the  reader  to  be  told,  that  Saussure,  during  his  excursionB 
in  the  Alps,  wore  a  full-dressed  scarlet  coat  and  gold-laced  hat. 
He  informs  us,  that  when  he  was  seated  on  Mont  Breven,  the  lace 
of  his  hat  attracted  the  electric  fluid  from  a  passing  cloud,  and 
occasioned  a  hissing  sound.     Tempora  mfUarUur^  el  ?wsy  &c. 
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from  it  in  an  opposite  direction.  This  would  be  the 
case  had  the  surface  of  the  globe  been  broken  and 
elevated  in  the  manner  he  supposes.  There  is  a 
circumstance  stated  by  Saussure,  which  tends  strongly 
to  confirm,  if  not  absolutely  to  prove,  the  truth  of  his 
hypothesis.  Some  of  the  vertical  beds  of  rock  ad- 
jacent to  the  granite  contain  round  pebbles,  boulders, 
and  water-worn  pieces  of  the  lower  rocks.  See  ob- 
servations on  these  beds.  Chap.  IV.  It  is  impossible 
to  conceive  that  those  rounded  fragments  could  have 
been  placed  in  a  vertical  position ;  for,  if  they  be 
really  pebbles  and  boulders,  the  beds  on  which  they 
occur  must  originally  have  been  nearly  liorizontaL 
Now  as  these  beds  are  at  present  placed  between 
others  which  are  also  vertical,  and  in  the  same  range, 
it  follows,  that  the  whole  have  been  overturned  and 
thrown  up,  at  a  period  subsequent  to  their  form- 
ation. * 

The  Himmaleh  Alountains  in  the  centre  of  Asia, 
rise  ten  thousand  feet  higher  than  any  mountains  in 
the  Alps,  but  where  their  summits  are  uncovered  by 
snow,  they  are  believed  to  be  composed  of  secondary 
strata. 

Many  of  the  mountains  in  the  extensive  range  of 
the  Andes  in  South  America  also  rise  much  higher 
than  Mont  Blanc ;  but  granite  has  not  been  found 
there  in  a  greater  elevation  than  eleven  thousand 
five  hundred  feet,  an  elevation  exceeded  by  many  of 
the  granite  mountains  in  Europe.  The  range  of  the 
And^  is  the  seat  of  active  volcanic  fires,  which  ap- 
pear to  have  covered  the  primary  mountains  with  an 
immense  mass  of  matter,  ejected  by  ancient  and  re- 
cent eruptions.  In  Mexico  and  New  Spain  also,  the 
granite  appears  to  be  nearly  covered  by  basalt,  por- 
phyry, and  lava,  ejected  from  tlic  numerous  vol* 
canoes  which  now  exist,  or  have  existed,  in  those 
countries. 

*  Saussure  says  expressly,  that  the  boulders  in  the  rocks  near 
Mont  Blanc  are  precisely  similar  to  the  boulders  on  the  sliores  of 
the  lake  of  Geneva. 
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To  this  accumulation  of  volcanic  matter  the  moan- 
tains  in  South  America  owe  their  superior  elevation* 
Chimborasso  and  Cayambo  are  nearly  the  highest 
mountains  in  the  And6s,  —  the  former  rises  twenty* 
one  thousand  four  hundred  and  forty  feet,  — but  their 
summits  are  vast  cones,  composed  of  volcanic  produc- 
tions covered  with  snow.  Chimborasso  is  one  mile 
and  one  hundred  and  sixty  yards  higher  than  Mont 
Blanc.  The  general  arrangement  of  the  And6s  con- 
sists, according  to  Humboldt,  of  granite,  gndss^ 
mica,  and  clay-slate,  as  in  the  Alps;  but  on  these 
are  frequently  laid  porphyry  and  basalt,  "  arranged 
in  the  form  of  regular  and  immense  columns,  which 
strike  the  eye  of  the  traveller  like  the  ruins  of  enor- 
mous  castles  lifted  into  the  sky/* 

In  the  eastern  parts  of  the  United  States,  and  in 
Canada,  granite  is  seen  near  the  surface  uncovered 
by  other  rocks,  and  does  not  rise  to  any  great  ele- 
vation. The  constant  occurrence  of  granite  at  a 
lower  level  in  America  than  in  Europe,  is  a  remark- 
able geological  fact  In  Europe  the  central  part  of 
the  principal  mountain  ranges  are  granite;  as  in 
Scandinavia,  the  Alps,  the  Pyrenees,  and  the  Carpa- 
thian mountains.  In  Asia,  granite  forms  a  con- 
siderable part  of  the  Uralian  and  Altaic  range  o€ 
mountains,  and  it  appears  to  compose  the  principal 
mountains  that  have  been  examined  in  Africa. 

The  parts  of  England  and  Wales  where  granite 
and  granitic  rocks  occur  are  Cornwall,  Devonshire, 
North  Wales,  Anglesea,  the  Malvern  Hills  in  Wor- 
cestershire,  Charnwood  Forest  in  Leicestershire,  and 
in  Cumberland  and  Westmoreland.  Granite  rises 
near  the  bottom  of  Skiddaw  in  Cumberland.  The 
granite  near  Shap  in  Westmoreland  is  porphyritic, 
containing  large  crystals  of  red  felspar.  There  are 
rolled  masses  of  granite  on  the  banks  of  Ulswater 
resembling  the  granite  of  some  parts  of  Cornwall, 
and  of  the  Wicklow  Mountains  in  Ireland,  but  more 
highly  crystalline  than  the  latter.  The  felspar  is  in 
large  white  and  reddish-white  crystals,      Tne  mica 
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.  blackt-HJi'green,  and  on  the  outer  parts  tk^dm- 

eiL      I  am  indiiied  to  believe  that  the  same  torm- 

bdon  oC  granite,  which  just  makes  Its  appearance  on 

lie  western  side  of  Kiigland  and  Wales,  is  continued 

Icr  Uie  Irish  Channel ;  or  if  broken  there,  it  ri«c» 

tin  in  the  Isle  of  Man,  and  in  the  counties  of  Dul>< 

.  and  Wicklow  in  Ireland.     Hlockit  of  granite  are 

und  in  the  beds  of  some  oJ'  the  rivers  in  the  north. 

St  part  oi'  Yorkshire,  and  in  clay>pit^  in  Lanca- 

jhire  and  Cheshire,   at  a  great  distance  i'rom  any 

nite  mountains.      Most  of  the  granitic  rocks  on 

Phamwood    Forest   arc    of  that   kind  denominated 

Bite.*     Among  the  English  localities  of  granite,  I 

aive  recently  ascertained,  that  botli  granite  and  iin- 

erfect  gneiss  rise  to  the  surtiwe  near  Bcdworth  in 

ICarwickshirc,  evidently  a  continuation  of  the  Charn- 

1  granite. 

'  Granite  sometimes  forms  veins  shooting  up  into 
""e  superincumbent  rocks.  Tliia  is  a  fact  oi  some 
folf^cal  importance,  as  it  seems  to  indicsite,  either 
^at  the  granite  has  been  in  a  Mtate  of  iusion.  the  heat 
"  which  has  softened  and  rent  the  upper  rocks,  and 
breed  up  the  granite  in  a  melted  state  into  tlicsc 
'iBiires;  or  else  that  the  granite  and  the  rockM  rest^ 
immediately  upon  it  were  both  in  a  fluid  state  at 
;  same  time,  and  are  contemporaneuus.  A  remark- 
lile  instance  of  granitic  veins  in  argillaceous  schistus 
t  Mousehole  in  Cornwall  is  ilesci'ibcd  in  Dr.  Thom- 
Annals  of  Philosophy,  May,  1814.  "The 
Jiistus  is  of  a  greyish  colour,  rather  hard,  but 
in  large  fragments  in  llie  direction  of  the 
The  granite  is  of  a  fine  grain,  and  the  fel- 


'  Acconling  to  nrnngniart.  grnnite,  sicnile,  nnil  frophyry,  ure 

lumtljr  ohBervcd  p^iiatitijj  into  i-afh  other  in  sunie  [lurls  of 

ace :  and  he  fortna  tliiH  cmiduBioii :  — '■  En  6tu(Uant  les  ^^"DitM 

I)  graod  noiiibrt.-  <lv  jiays  pour  iiichcr  d«  ilutiitgucr  cliiireinunt  les 

Ic'ieiiB  granites  don  miuvi'oux,  on  truuve  prt'squt.'  pcu  de  |)ay« 

ruiiliqucs,  qu'on  puissc  rupporter  avec  certKudo  ik  ccUc  andeiine 

I  primitive  tbrmstiiM)  des  gratiites.'     Jtmmal  da  Mintt,  Mart,    . 
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spar  is  of  a  light  flesh  colour,  and  contains  but  a 
small  portion  of  mica.*  At  the  junction,  numerous 
veins  of  granite  may  be  traced  from  the  rock  of  gra- 
nite into  the  schist.  Some  of  these  veins  may  be 
observed  upwards  of  fifty  yards,  till  they  are  lost*ifl 
the  sea,  and  in  point  of  size,  vary  from  a  foot  and  a 
half  to  less  than  an  inch.  It  may  deserve  notice,  that, 
as  the  felspar  is  of  a  flesh  colour,  it  is  impossible  for 
any  observer  to  consider  them  as  quartz  veins :  one 
of  these  large  veins  is  dislocated,  and  heaved  several 
feet  by  .a  cross  course.  Quartz  and  fragments  of 
schistus  having  the  appearance  of  veins  are  found 'ih 
the  granite  veins.  At  one  place  there  is  a  very  curi- 
ous and  satisfactory  pha^nomenon.  One  of  these 
veins  of  granite,  ailer  proceeding  vertically  -  some 
distance,  suddenly  forms  an  angle,  and  continues  in 
a  direction  nearly  horizontal  for  several  feet,  with 
schistus  both  above  and  below  it.  This  appearance 
most  completely  destroys  one  of  the  theories  sug^ 
gested  for  the  explanation  of  similar  veins  at  St. 
Micliaers  Mount,-  viz.  that  a  ridge  of  projecting 
granite  had  been  lefl,  and  schistus  deposited  after- 
wards on  its  sides.*' 

In  1816  I  visited  the  place,  which  is  close  by  the 
sea-side,  at  low  water,  and  observed  some  appear^- 
ances  which  I  believe  have  not  hitherto  been  noticed. 
The  junction  of  the  granite  rock  and  the  schist  may 
be  distinctly  seen :  they  form  together  a  sloping  beach 
uncovered  by  any  fragments:  the  line  of  junctiMi  is 
waving  from  the  coast  into  the  sea,  as  represented 
Plate  II.  fig.  3.,  G.  the  Granite,  s.  the  Schist. 

It  is  truly  worthy  of  notice,  that  the  veins  of  gra^ 
nite  may  be  distinctly  seen  penetrating  both  the 
schist  and  the  granite ;  for  the  granite  in  the  veins 
is  finer-grained  than  the  granite  rock,  and  may  as 
easily  be  distinguished  in  the  granite  as  in  the  schist. 
The  granite  rock  itself  is  smaller-grained  near  the 
line  of  junction  of  the  two  rocks,  than  it  is  a  little 
distance  from  it,  where  it  contains  large  white  crystals 
of  felspar  in  a  smaller-grained  reddish  granite.    What 
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is  further  remarkable,  the  largest  granite  vein,  in  pass* 
ing  into  the  schist,  cuts  through  a  vein  of  quartz 
thicker  than  itself;  and  a  few  yards  nearer  the  sea, 
a  small  quartz  vein  cuts  through  the  same  granite 
vein:  see  Plate  IL  fig.  3.  What  is- called  the  schist 
or  kiilas  in  Cornwall,  in  the  places  where  I  have  ob- 
served  it  in  immediate  junction  with  granite,  is  highly 
indurated  and  of  a  dark  colour,  and  appears  to  have 
been  changed  by  the  junction  :  it  has  no  appearance 
of  slate; — indeed  the  change,  in  the  size  of  the  grain 
of  granite,  as  the  latter  approaches  the  kiilas  at 
Mousehole,  would  indicate  that  the  two  rocks  were 
passing  into  each  other.  Perhaps  the  best  designa- 
tion or  the  kiilas  rock  on  this  situation  is,  that  of  a 
minutely  grained  and  highly  indurated  gneiss,  that 
had  lost  its  schistose  character.* 

Granite  veins  of  large  size  traverse  rocks  of  small- 
grained  granite  and  gneiss  in  the  vicinity  oF  Aber- 
deen :  in  these  veins  both  the  felspar  and  mica  oc- 
cur in  crystalline  plates  and  lamina;  of  considerable 
magnitude,  accompanied  witli  tourmaline.  AtGlentilt 
in  Scotland,  a  singular  intermixture  of  granite  in 
veins  and  amorphous  masses  occurs  with  slate  and 
limestone,  and  has  been  described  by  Dr.  MacCul- 
loch  in  the  Geological  Transactions,  vol.  i.  page  IU5. 
It  seems  impossible  to  conceive  how  masses  of  granite 
could  be  intermixed  with,  or  imbedded  in  limestone, 
without  admitting  that  the  two  substances  have  been 
both  in  a  fluid  or  semi-fluid  state  at  the  same  time ; 
and  we  are  not  acquainted  with  any  cause  which 
could  effect  a  simultaneous  fusion  of  both  rocks,  ex- 
cept  heat  combined  with  pressure. 

Some  geologists  describe  the  granite  under  gneiss 
and  the  granite  over  gneiss  as  (Hffercnt  formations ; 
but  as  gneiss  is  itself  a  schistose  granite,  it  would  be 
more  correct  to  state,  that  the  massive  and  schistose 


•  In  the  Pliil.  Mag.  March,  1829,  there  is  a  full  description  of 
the  granite  veins  in  kiilas,  by  two  (lerman  geologists,  but  no  new 
or  important  facts  are  communicated. 
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gnnite  sometimes  occur  ahernating  vnih  each  other. 
When  the  mica  becomes  abundant,  the  granite  passes 
to  the  state  of  gneiss ;  when  the  felspar  and  quartz  pr^ 
dominate,  it  becomes  again  massive  or  common  granite. 
What  has  been  said  respecting  the  alternation  of 
gneiss  and  granite,  will  apply  to  the  alternation  oi 
granite  and  mica-slate.  In  the  latter,  the  felspar  in 
wanting ;  but  if  it  re-a{^ar,  it  becomes  either  gra^ 
nite  or  gndss.  *  Mica-slate  also  passes  by  such  inseo^ 
sible  gradations  into  slate,  that  the  occasional  occuiw 
rence  of  granite  in  some  ancient  slate-rocks,  may 
admit  of  a  similar  explanation.  We  shall  thus  sweep 
away  the  secondary  granites,  which  have  so  mucn 
bewildered  the  systems  of  many  geologists :  indeed 
nothing  can  appear  more  puerile  and  trifling  than  the 
labour  of  making  distinctions,  where  nature  has  made 
none.  Of  this  we  have  an  instance  in  the  distinctive 
characters  which  have  been  given  of  primary  and  se« 
condar}'  granite. 

Primary  Granite.  Secondary  Granite. 

1.  Sometimes  red.  1.  Felspar  commonly  a  deep  red. 

2.  Contains  garnets.  2.  Contains  garnets. 

S.  Is  sometimes  porphyritic.         3.  Not  porphyritic ;  but,  accord* 

ing  to  Professor  Jamiesoo,  la 
sometimes  porphyritic 

Again,  M.  D'Aubuisson  tells  us,  that  the  colour  of 
primary  granite  is  almost  always  white. 

What  has  been  advanced  may  be  sufficient  to  prove 
that  the  attempts  to  distinguish  primary  from  se* 
condary  granite  by  their  mineral  characters,  are  worse 
than  useless ;  as  they  waste  the  time  of  the  learner^ 
and  tend  to  disgust  him  with  a  science  already  too 
heavily  burdened  with  unmeaning  terms  and  frivolous 
distinctions. 

There  is  a  particular  form  of  granite,  in  which  the 
constituent  parts  are  so  minute  and  so  intimately 
mixed,  that  it  appears  very  minutely  granular  or  even 
compact :  to  this  variety  the  French  geologists  have 
given  the  name  of  Eurite ;  it  has  generally  been  de- 
scribed  by  English  geologists  as  Compact  felspar^  into 
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which  it  passes  by  insensible  gradations*  This  rock 
frequently  contains  imbedded  crystals  of  felspar,  and 
forms  wtmt  has  been  denominated  felspar-porphyry. 
In  Cornwall  it  occurs  in  beds  in  common  granite ; 
but  instead  of  being  regarded  as  a  different  rock,  it 
Biay  be  more  properly  classed  by  the  geologist  with 
graaite,  being  only  a  variety  in  which  felspar  greatly 
jNredominates.  This  rock  occurs  also  in  an  uncon- 
fmmable  position,  and  is  generally  described  as  por- 
phyry, and  appears  to  form  a  connecting  link  be- 
tween common  granite  and  the  compact  varieties  of 
volcanic  porphyry,  with  a  base  of  felspar  called  by 
the  French  Trach/te. 

Sienitic  granite,  in   which  the  mica  is  partly  or 
entirely  replaced  by  hornblende,  in  some  situations 
occurs  with  common  granite  in  the  same  bed,  and 
therefore  must  be  rej^arded  as  a  variety  of  granite. 
Instances  of  this  change  from  granite  to  sienite  in 
the  same  rock,   I   have  frequently  observed  in  the 
granite  of  Charnwood  Forest.       The  same  change 
may  also  be  noticed  in  the  granite  of  tlie  Malvern 
Hills.      That  able  and  accurate  observer  Dr.  Aiac- 
Culloch  maintains  the  identity  of  granite  and  sienite, 
from  their  frequent  passage  into  each  other  in  the 
same  rocks  in  Scotland.     When  the  hornblende  be- 
comes  abundant,  and  is  closely  intermixed  with  fel- 
spar, it  forms  a  dark  finely  granular  rock,  which  has 
been  denominated  trap  or  greenstone :  it  nearly  re- 
sembles basalt     In  the  Charnwood  Forest  hills,  and 
at  Shap  in  Westmoreland,  well  defined  granite  may 
be  seen  passing  into  a  dark  coloured  trap-rock  nearly 
compact     I  have  even  broken  off  hand  specimens 
in  which  one  part  was  granite  and  the  other  trap, 
and  the    passage  from  one  to  the  other  might  be 
distinctly  observed. 

The  crystallised  earthy  minerals  which  occur  most 
frequently  in  granite,  are  schorl  or  tourmaline,  and 
pinite,  a  mineral  nearly  allied  to  mica, —  the  emerald, 
corindon,  axinite,  and  topaz,  are  also  found  occa- 
sionally in  granite.     Sometimes  the  tourmaline  is  so 
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abundantly  disseminated,  as  to  form  a  constituent 
part  of  the  rock. 

CommcHi  granite,  or  massive  granite,  contains  few 
beds  c^  any  other  rock,  nor  is  it  rich  in  metallic  ores. 
Tin  ore,  however,  chiefly  occurs  in  granite,  ^ther  in 
veins  accompanying  quartz,  or  disseminated  through 
the  rock  at  a  distance  from  the  veins.  Ores  of  other 
metals,  as  copper,  iron,  wolfram,  bismuth,  and  silvery 
are  also  occasionally  found  in  granite. 

Granite  supplies  durable  materials  for  architecture, 
but  it  varies  much  in  hardness,  and  care  is  required 
in  its  selection.  I  was  told,  when  in  Cornwall,  that 
granite  got  from  a  considerable  depth  in  the  quarry 
is  so  soft  when  it  is  first  raised,  that  it  can  be  easily 
sawed  into  blocks,  but  it  soon  acquires  great  hardness 
by  exposure  to  the  air.  In  the  mountains  of  Au  vergne, 
the  granite  is  extremely  soft,  and  the  felspar  appears 
earthy;  this  is  probably  the  original  state  of  tlie 
stone.  I  believe  it  is  the  sofl  earthy  granite  from 
this  district,  which  supplies  the  kaolin  used  in  the 
porcelain  manufacture  at  Sevres*  Mons.  Brongniart, 
who  obligingly  accompanied  me  through  the  works, 
shoM^d  me  a  specimen  of  their  best  kaolin :  it  con- 
tained crystals  of  pinite.  I  had  recently  arrived  from 
Auvergne,  and  I  thought  I  recognised  its  locality. 

Granite  is  regarded  as  the  foundation  rock  on 
which  all  other  rock  formations  rest,  and  has  hence 
been  called  the  most  ancient  formation ;  but  if  the 
age  of  a  rock  is  to  be  dated  from  the  period  in  which 
it  became  consolidated,  the  inference  respecting  its 
relative  antiquity  would  not  be  conclusive.  Accord- 
ing to  the  Huttonian  theory,  granite  is  made  of  the 
melted  crust  of  a  former  world,  and  the  fusion  may 
have  taken  place  after  this  ancient  crust  was  covered 
with  the  upper  rocks;  but,  admitting  that  it  has  been 
fused  under  pressure,  the  matter  that  now  constitutes 
granite  must  have  existed  in  some  mode  or  other,  and 
have  served  as  the  foundation  for  the  rocks  that  are 
n  it  If  we  date  the  age  of  granite  from  the 
id  of  the  elevation  of  granite  mountains,  we 
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must  admit  that  some  granite  moantains  are  com« 
paratively  recent,  for  they  have  been  elevated  since 
the  deposition  of  the  secondary  strata.  I  have  shown 
this  to  be  the  case  with  the  granite  of  the  Bernese  and 
Savoy  Alps,  in  my  Travels  in  the  Tarentaise,  &c;  pub* 
lished  in  1823.  In  the  third  edition  of  the  present  work 
in  1828,  I  have  also  shown,  by  a  description  and  sec- 
tions, that  the  elevation  of  the  granite  of  Savoy  is  more 
recent  than  that  of  the  central  part  of  England.  M. 
Elie  de  Beaumont  has  since  adopted  the  same  views, 
and  has  extended  them  to  other  mountain  ranges. 
Prop.  Sedgwick  and  Mr.  Murchison  have  further 
proved,  that  a  great  part  of  the  Tyrolean  and 
Bavarian  Alps  was  elevated  since  the  deposition 
of  tertiary  strata ;  for  these  strata  are  lifted  up  with 
them  to  the  height  of  several  thousand  feet. 

Here,  however,  we  must  also  admit  that  the  ma- 
terial which  formed  granite  is  more  ancient  than  the 
strata  that  rest  upon  it. 

Whether  granite  ever  formed  at  one  time  the 
stony  pavement  of  the  whole  globe,  or  whether  it 
was  elevated  in  a  solid  state  bodily^  or  whether 
difl^rent  parts  of  the  surface  were  fused  at  different 
epochs,  are  legitimate  objects  of  geological  enquiry, 
and  may  perhaps  admit  of  a  satisfactory  solution  by 
extended  series  of  observations.  In  whatever  state 
granite  forms,  or  has  formed,  the  ancient  crust  of  the 
globe,  it  has  been  since  pierced  through  by  ancient  and 
recent  igneous  rocks.  Thus  porphyry  cuts  through, 
and  in  some  parts  covers  granite,  on  the  west  side  of 
Scotland  from  Inverary  to  Ben  Nevis.  Volcanic 
rocks,  and  streams  of  lava,  of  a  recent  geological 
epoch,  pierce  through  and  have  poured  over  the 
granite  of  Auvergne,  and  a  large  part  of  central 
France. 

Some  of  the  currents  of  lava  appear  as  fresh  as  the 
recent  currents  from  Etna  or  Vesuvius.  In  other 
parts  of  Auvergne  the  granite  appears  to  have  been 
acted  upon  by  subterranean  fire  \n  sitUj  and  in  some 
mountains,  as  in  the  Puy  de  Chopine  near  liiom, 
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gimnite  and  Tdcanic  rocks  are  intermixed,  one  part 
being  true  gramte  and  the  other  volcanic  porjrfijry 
(trachyte).* 

These  TC^canoes  have  kx^  been  dormant ;  and  the 
onlj  remaining  proofs  of  the  existence  of  Bubterr»- 
nean  fires  under  that  district,  are  the  hot  springs  that 
rise  in  the  vidnity  of  the  ancient  volcanoes.  Accord* 
ing  to  Humbddt,  in  the  Canary  Islands,  as  well  as 
in  the  Andes  of  Quito,  in  Greece,  and  various  parts 
of  the  world,  subterranean  fires  have  pierced  through 
the  primary  rocks ;  and  he  adduces  the  great  nuniber 
cf  irarm  springs  which  he  has  seen  issuing  from 
granite^  gpeiss,  and  mica-slate,  as  a  proof  of  this 
qpinion.  Indeed,  in  the  Andes,  numerous  volcanoes 
are  in  present  activity,  from  Cape  Horn  to  Mexico ; 
and  it  is  probable  that  those  mountains  owe  their 
elevation  to  subterranean  fire ;  for  we  have  a  reoent 
instance  of  the  mighty  power  of  this  agent  to  up- 
heave the  crust  of  the  globe.  During  the  earthquake 
in  Chili  in  November  18^,  the  whole  line  of  coast, 
running  nortli  and  south  from  Valparaiso,  to  the 
distance  of  one  hundred  miles,  was  raised  above  its 
former  level,  the  bottom  of  the  sea  Was  laid  dry, 
and  shells  were  discovered  sticking  to  the  rodca^ 
some  of  which  were  not  before  known  in  those  seas. 
It  is  stated  by  an  observer,  that  the  whole  countcy, 
from  the  coast  to  the  feet  of  the  Andes,  and  even  fiir 
out  to  sea,  was  permanently  raised  by  the  earth- 
quake: the  greatest  rise  was  about  two  miles  from 
the  shore.  The  granite  which  forms  the  foundatioa 
rock  was  rent  in  parallel  fissures.  The  earthquake  is 
estimated  to  have  extended  over  an  area  of  one  hundred 
thousand  miles.  The  average  rise  of  the  land  upon 
the  coast  was  from  two  to  five  feet ;  at  the  distance  of 
a  mile  from  the  shore  inland  the  elevation  was  seven 
feet. 

During  my  residence  in  Savoy  and  Switzerland,  in 

•  Sec   "  Travels  in  the  Tarentaise  and  Auvergne,"   vol.  fi. 
p.  367- 
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the  years  18^0, 1821,  and  1822, 1  was  desirous  to  ascer- 
tain whether  there  were  any  vestiges  of  the  action  of 
subterranean  fires  in  the  Alps.  In  the  part  of  the 
great  southern  chain,  extending  from  near  the  source 
of  the  Rhone  to  the  Little  St.  Bernard,  there  do 
Dot  occur  in  the  numerous  situations  which  I  ex- 
amined, or  from  which  I  have  seen  specimens,  any 
minerals  of  a  volcanic  character,  with  the  doubtful 
exception  of  some  rocks  in  the  valley  of  Saass  and  in 
die  Valorsine. 

Though  I  could  observe  no  indications  of  volcanic 
fire  in  the  rocks  themselves,  I  was  greatly  surprised 
with  a  circumstance  that,  as  far  as  I  know,  had 
escaped  the  attention  of  geologists.  Along  the  whcde 
line  of  Alps  before  mentioned,  which  extends  for  one 
hundred  and  twenty  miles,  numerous  hot  springs  are 
gushing  out  at  the  feet  of  the  primary  mountains 
near  the  junction  of  the  lowest  secondary  limestone, 
with  schistose  rocks  passing  into  mica  and  talcous 
slate.  It  was  known  that  a  few  tliermal  waters 
existed  in  the  Valois  and  in  Savoy,  but  they  were 
regarded  as  isolated  pho^nomena,  -  and  their  geo- 
logical position  had  not  been  attended  to.  Since 
Saussure  visited  the  Alps,  thermal  waters  have  been 
discovered  in  various  situations;  and  since  I  lefi 
Savoy,  another  considerable  warm  spring  has  been 
opened  in  the  vicinity  of  the  village  of  Chamouni, 
near  the  foot  of  a  glacier. 

There  is  also  further  reason  to  believe  that  thermal 
waters  would  be  found  in  all  the  deep  valleys  of  the 
Alps  near  the  junction  of  the  primary  and  secondary 
rocks,  were  they  not  covered  by  eboulemetUs  under 
heaps  of  loose  stones  (as  was  the  case  with  the  warm 
baths  in  the  valley  of  Bagnes  in  the  Bas  Valois) ;  or 
were  not  the  temperature  of  the  warm  springs  re- 
duced by  admixture  with  torrents  from  the  glaciers. 

In  vol.  i.  ch.  8.  of  my  **  Travels  in  Savoy,"  I  have 
described  the  geological  position  of  nine  of  the 
principal  know  n  thermal  waters  of  the  Alps ;  their 
temperature   varies   from   94°    to    12(3°   Fahrenheit. 
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The  quantity  of  water  which  issues  from  these  springs 
is  very  considerable  ;  and  the  thawing  of  the  bottom 
of  the  glaciers  during  intense  frost  may,  I  believe,  be 
attributed  to  the  action  of  thermal  waters.  On  the 
Italian  side  of  the  same  range  of  Alps,  particularly 
at  St.  Didier,  near  the  steep  southern  escarpmeot 
of  Mont  Blanc,  there  are  several  thermal  waters  ;  and 
further  west  than  the  hot  springs  at  Aix  in  Savoy, 
other  hot  springs  have  been  recently  discovered  near 
Grenoble.  It  thus  seems  probable  that  there  still 
exists,  under  this  range  of  the  Alps,  one  common 
source  of  heat,  to  the  agency  of  which,  in  remote 
ages,  the  mountains  originally  owed  their  elevation ; 
for  we  can  scarcely  doubt  that  the  hot  springs  in  the 
Alps,  like  those  in  Auvergne,  in  Italy,  or  Iceland^ 
derive  their  great  temperature  from  subterranean 
fire.  This  inference  is  farther  supported  by  the  well 
authenticated  fact,  that  the  districts  in  which  the  hot 
springs  are  situated  have  been  subject  to  great  and 
frequent  convulsions.  In  the  year  1755  the  ground 
in  the  vicinity  of  the  hot  springs  of  Leuk  and  Naters^ 
in  the  Upper  Valois,  was  agitated  with  earthquakes 
every  day  from  the  1st  of  November  to  the  ^th  of 
February.  Churches  were  thrown  down,  the  springs 
were  dried  up,  and  the  waters  of  the  Rhone  were 
observed  to  boil  in  several  places.  The  mountain 
above  the  warm  spring  at  Naters  is  said  to  have 
opened  and  discharged  a  quantity  of  hot  water. 

The  hot  springs  at  the  feet  of  the  Pyrenees  pro- 
bably derive  their  temperature  from  the  same  source 
as  those  of  the  Pennine  Alps.  Hot  springs  also 
occur  in  Dauphiny  and  Provence  which  have  pro- 
bably a  similar  source  of  heat. 

What  has  been  here  advanced  may  be  sufficient 
to  show  the  high  probability  that  the  elevation  of 
the  vertical  beds  in  the  Alps  has  been  effected  by 
subterranean  heat,  —  an  agent  which  we  have  direct 
proof  has  in  our  own  times  elevated  considerable 
portions  of  the  crust  of  the  globe ;  and  it  were  con- 
trary to  the  rules  of  sound  philosophy  to  seek  for 
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Other  causes  than  those  which  are  now  existing, 
when  such  causes  are  adequate  to  the  production  of 
tfaephsmomena  we  observe. 

Two  cases  are  mentioned  by  M.  Elie de  Beaumont» 
in  the  "  M^moires  de  la  Soci6b6  d'Histoire  Naturelle,* 
torn,  v.,  of  granite  cutting  through  and  covering 
secondary  rrcks ;  such  cases,  however,  demand  the 
strictest  scrutinv  before  the  fact  can  be  r^;arded  as 
well  established.  In  the  <'  Bulletin  de  la  SodM 
Gtelqgique  de  France,**  torn,  ii.,  a  section  is  given  erf* 
the  Jungfrau  Mountain,  in  the  canton  of  Berne,  re* 
ptesentiBg  two  cone-shaped  masses  of  limestone  pe- 
netrating the  granite  near  the  summit.  I  spent 
some  wmcB  almost  close  to  the  mountain,  and  studied 
its  structure  with  particular  attention,  and  I  have  no 
hesilition  in  expressing  a  decided  opinion  that  the 
section  is  fallacious.  The  part  represented  as  pene- 
trated  by  the  limestone  is  concealed  by  a  covering  of 
eternal  snow.  The  granite  which  the  author  impro^ 
perly  calls  gneiss  is  small  grained :  near  the  foot  of 
the  Jungfrau,  in  the  upper  part  of  the  valley  of  Lau- 
terbrun,  I  observed  a  vertical  junction  of  limestone 
and  granite.  If  cone-shaped,  protruding  masses  of 
Kmesfame  are  observed  in  any  part  of  the  mountain, 
they  are,  I  am  persuaded,  mere  spurs  from  the  lime- 
stone on  the  north  side,  and  cover  the  granite,  but 
de  not  penetrate  into  it  The  penetration  of  granite 
into  limestone  represented  in  fig.  2.  of  the  same 
plate,  is  far  more  probable  and  intelligible. 
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CHAP.  VI. 

ON   GNEISS    AND   MICA-SLATE,    AND    THE    ROCKS 
WHICH  ARE  ASSOCIATED  WITH  THEM. 

On  the  Passage  of  Granite  into  Gneiss. — Grneiss  and  Grnut 
vein^  —  Mica-Slate.  —  Formation  of  Gneiss  and  Mica-Slale.^ 
Talcous  Slate,  and  Chlorite  Slate.  —  Crystalline  Limestone  de- 
nominated Primary,  occurs  both  in  Primary  and  Secondary 
Mountains.  —  Formation  of  Limestone  and  Coral  Islands  by 
Animal  Secretion.  —  Dolomite,  or  Alpine  Magnesian  Limestont* 
—  Serpentine  and  OUite,  or  Potstone.  —  Euphotide  or  Saus- 
surite  the  hardest  and  heaviest  of  Rocks.  —  Trap  Rocks 
changed  to  Serpentine.  —  Eurite  or  White  Stone.  —  jPWmaiy 
Porphyry  a  Mode  of  Granite.  —  Recurrence  of  the  same  Rocks 
in  Rock  Formations  of  different  Epoclis. 

The  principal  primary  rocks  enumerated  with  granite 
in  the  preceding  chapter,  were  Gneiss  and  Mica- 
slate.  With  these,  certain  rocks  are  frequently  as- 
sociated, and  are  therefore  regarded  as  primary ;  for 
where  one  rock  occurs  imbedded  in  another^  it  is 
evident  that  the  enclosed  rock  must  be  as  ancient  as 
the  rock  which  enfolds  it,  unless  the  imbedded  rode 
has  been  subsequently  protruded  within  more  ancient 
rocks,  as  is  the  case  with  some  volcanic  or  trap  rocks. 
Gneiss  received  its  name  from  the  German  miners ; 
according  to  Mr.  Jameson,  the  decomposed  stone 
on  the  sides  of  some  metallic  veins  was  first  so  called ; 
but  Werner  designated  by  this  term  a  schistose  or 
slaty  granite,  abounding  in  mica.  Granite  frequently 
passes  into  gneiss  by  an  almost  imperceptible  gracU 
ation :  where  the  quantity  of  felspar  decreases,  and 
the  crystals  or  grains  become  smaller,  if  the  mica 
increases  in  quantity,  and  is  arranged  in  layers,  the 
rock  loses  the  massive  structure,  and  becomes  schis-> 
lose;  we  have  then  a  true  gneiss.  By  the  reverse  of 
''thiB  process,  if  the  quantity  of  felspar  increases,  and 
%e  mica  diminishes,  the  rock   loses  the  schistose 
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Structure  and  becomes  massive,  and  we  have  granite 

again.     Some  geologists  call  this  secondary  granite ; 

but  the  upper  and  lower  granite,  and  the  gneiss,  are 

io  this  instance,  but  different  modes  of  the  same  rock. 

The  granite  of  the  Alps,  which  Saussure  calls 

granii  vemi^  is  properly  an  incipient  state  of  gneiss: 

the  mica  is  arranged  in  thin  parallel  lamine  varying 

IB  distance  from  each  other;  when  they  approach 

^VWV  Bear,   they  form  what  in   hand  specimens  is 

CJilfed  true  gneiss.     When  the  parallel  layers  of  mica 

^^.Mt.Mome  distance  from  each  other,  they  give  a 

^iiiped  appearance  to  the  rock.     Laminae  of  quarta  of 

*fMndenble  thickness  sometimes  separate  the  felspar 

j||M)^  the  mica,  and  occasionally,  masses  of  quartz  are 

JlftfeedMcd  in  gneiss.     When  Uie  mica  becomes  very 

^jriMBdaiit,  and  the  other  constituent  parts  are  small 

in  sixe  and  quantity,  gneiss  passes  into  mica-slate ;  — 

has  often  a  waved  form.     This  rock  has  been 

_^ as  stratified,  I  conceive,  by  a  mistake^  in 

-BMUbuodtng  the  stratified  with  the  slaty  structure : 
-Iher  latter  is  occasioned  by  the  quantity  of  mica,  and 
jBbmetimes  of  talc  which  it  contains,  and  is  the  etfisct 
3if  vcryatallisatiou.  * 

^•n  Sras  of  crystalline  limestone,  and  of  hornblende 
teck;  occur  in  gneiss.  It  contains  most  of  the  me- 
^lirilic  oies  both  in  veins  and  beds.  Crystals  of  garnets 
•Bhp 'frequently  interspersed  in  gneiss,  but  are  more 
jeMMBon  in  micaceous  schist,  which  is  nearly  allied 
'ils^lliia  rock. 

;  I >'iV1ie  declivities  of  granite  mountains  are  covered 
linT' rocks  of  gneiss  in  many  parts  of  the  world. 
(Gneiss  constitutes  the  principal  rock-formation  in  a 
-looosiderable  part  of  Sweden.     It  occurs  in  Scotland 

i>aBd  Ireland,  but  is  scarcely  known  in  any  part  of 

-  I" 

*  The  partings  or  divisions  in  rocks,  which  may  properly  be  de- 
.INmiDated  rents,  are  distinct  from  those  which  are  the  effect  of 
.  crystallisation,  and  may  be  distinguished  by  their  irregularity, 
roughness,  and  the  indeterminate  manner  in  which  they  intersect 
die  stone.  Some  partings  have  evidently  been  the  rsault  of  me- 
chanical causes. 

u   1* 
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England  or  Wales.  Very  well  characterised  gneiss 
occurs  in  the  vicinity  of  Aberdeen.  An  imperfectly 
formed  gneiss  is  found  on  the  Malvern  Hills.  I 
have  also  seen  gneiss  brought  from  the  lower  part 
of  Skiddaw  in  Cumberland.  Mountains  of  gneiss 
are  not  so  steep  and  broken  as  those  of  granite,  and 
the  summits  are  generally  rounded. 

Mtca-slcUe^  or  Micaceous  SchisttiSj  is  frequently 
incumbent  on  gneiss,  or  granite,  and  covered  by 
common  slate :  it  passes  by  gradation  into  both  these 
rocks  —  the  coarser  grained  resembling  gneiss,  and 
the  finer  kind,  by  insensible  transition,  becoming 
clay-slate. 

Mica-slate  is  essentially  composed  of  mica  and 
quartz  intimately  combined;  the  felspar,  which  is 
a  principal  constituent  part  of  granite  and  gneiss, 
occurs  only  occasionally  in  irregular  masses  in  this 
rock.  The  colour  of  mica-slate  is  generally  a  silvery 
or  pearly  white,  inclining  to  a  bluish  grey  or  a  light 
green;  it  sometimes  is  nearly  black,  and,  when 
weathered,  is  generally  yellow.  I  have  a  specimen  of 
mica-slate  from  North  America,  which  has  the  purple 
colour  of  the  amethyst ;  but  such  deviations  from  the 
common  colours  are  rare. 

Crystals  of  garnet  are  frequently  disseminated  in 
mica-slate  :  it  contains  occasionally  ciystals  of  other 
minerals.  It  has  a  slaty  structure,  and  is  often 
waved  and  contorted,  and  divided  by  thin  laminas  of 
.quartz.  It  sometimes  contains  beds  and  laminae  of 
crystalline  limestone,  or  is  intermixed  with  serpentine. 
Mica-slate  also  frequently  contains  beds  and  veins  o£ 
metallic  ores.  The  gradation  of  mica-slate  into  gneiss 
and  clay-slate,  and  the  transition  from  granite  to 
mica-slate,  may  be  distinctly  seen  in  some  of  the 
rocks  near  Bray,  in  the  county  of  Wicklow  in  Ireland, 
where  I  observed  that  the  beds  of  mica-slate  adjoin- 
ing the  granite,  are  traversed  by  numerous  and  large 
seams  of  quartz,  running'parallel  with  the  slaty  struc- 
ture of  the  rock,  and  increasing  in  size  as  they  approach 
the  granite.    The  quartz  has  a  greasy  aspect^  and  is 
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evidently   of  contemporaneous   formation   with  the 
mica-slate  and  granite. 

Mica-slate  has  a  near  affinity  to  clay-slate;  and 
as  I  have  arranged  the  latter  with  rocks  of  the  second 
class,  it  may  perhaps  be  doubted  whether  mica-slate 
should  not  also  have  been  transferred  to  the  same 
class.  No  well  characterised  rocks  of  mica^slate  of 
any  extent  occur  in  England.  I  noticed  a  micaceous 
rock,  which  may  be  considered  as  an  imperfect  kind 
of  mica-date,  near  the  granitic  rocks  of  Mount  Soar 
Hill ;  but  it  was  covered  by  wood,  which  concealed 
its  junction  with  other  rocks.  On  the  western  side 
of  Anglesea,  near  Holyhead,  there  are  numerous 
rocks  of  an  intermediate  kind,  between  mica-slate  and 
talcous  slate.  The  laminse  are  separated  by  very 
thin  seams  of  quartz  ;  and  I  observed  some  of  them 
bent  and  contorted  in  various  directions,  as  is  not  un- 
frequently  the  case  with  mica-slate  in  other  districts. 

The  mica-slate  on  the  opposite  coast  of  Ireland, 
near  Bray,  I  am  inclined  to  consider  as  of  the  same 
formation  with  that  in  Anglesea.  Probably  tiiis  rock 
stretches  under  the  Irish  Channel,  of  which  it  may 
form  the  bed  in  that  parallel  of  latitude.  The  struc- 
ture of  both  rocks  is  the  same,  presenting  the  same 
divisions  by  thin  lamince  of  quartz,  but  the  mica  of 
Anglesea  is  more  combined  with  talc.  Mica-slate 
abounds  in  the  Highlands  of  Scotland,  and  in  many 
alpine  districts  in  Europe,  particularly  in  the  Pennine 
Alps. 

Gneiss  and  mica-slate  are  nearly  allied  to  each 
other  and  to  granite.  Circumstances  attending  the 
formation  of  granite  appear  to  have  produced  a  dif- 
ferent arrangement  of  the  component  ingredients. 
This  is  the  more  probable,  as  both  gneiss  and  mica- 
slate  sometimes  graduate  into  granite,  and  have  at 
other  times  a  porphyritic  structure.  In  some  situ- 
ations the  causes  which  change  granite  into  gneiss 
or  mica-slate  have  not  operated ;  and  we  find  neither 
of  these  substances  separating  granite  from  the  rocks 
of  the  next  class* 
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An  opinion  has  been  advanced  by  Dr.  Maccullocli» 
that  gneiss  and  mica-slate  have  been  deposited  by 
water,  though  he  admits  the  igneous  formation  of 
granite :  but  granite  is  known,  as  before  stated^  to 
vary  much  in  the  proportion  and  size  of  its  constitiu 
ent  minerals  even  in  the  same  rock.  Now  wherever 
the  felspar  was  deficient,  and  the  mica  and  quartz 
abundant,  or  where  the  felspar  was  more  granular, 
and  the  mica  abundant,  the  same  process  that  formed 
granite  in  one  part  of  a  rock,  would  form  gneiss  or 
mica-slate  in  another.  Every  one  who  has  examined 
the  granit  vein4  of  the  Alps  in  sitUj  will  admit  that 
it  had  the  same  origin  as  common  granite;  and  again 
they  could  scarcely  hesitate  to  say,  that  gneiss  and 
granit  veine  are  only  mere  varieties  of  the  same  rocl^ 
and  must  have  had  one  common  origin*  The  mica 
in  gneiss  is  as  much  an  igneous  formation  as  that  in 
granite,  or  in  some  volcanic  rocks. 

Gneiss  and  mica-slate  being  nearly  similar  in  their 
constituent  parts  and  geological  position,  most  <^ 
the  metallic  ores  and  minerals  found  in  one  rock, 
occur  also  in  the  other.  Crystalline  limestone,  horn- 
blende, talc,  and  serpentine,  more  frequently  form 
beds  in  mica-slate  than  in  gneiss.  The  waved  struc* 
ture  is  very  common  in  mica-slate,  and  the  beds  are 
oflen  most  singularly  bent  and  contorted. 

Talcous  Slate  and  Chlorite  Slate  appear  to  be  dif- 
ferent modifications  of  the  same  mineral  substances : 
in  the  former  the  structure  is  laminated,  in  the  latter 
it  is  minutely  laminated  or  granular ;  the  prevailing 
colour  of  both  inclines  to  green.  These  rocks  are 
sofl  and  saponaceous  to  the  touch,  and  sectile.  Mica^ 
slate  appears  to  graduate  into  talcous  slate,  particularly 
in  the  vicinity  of  Mont  Blanc.  In  Cumberland  and 
Scotland  talcous  and  chlorite  slate  pass  into  common 
roof  slate,  and  alternate  with  it :  the  change  appears 
to  be  owing  to  a  greater  mixture  of  magnesian  earth 
in  talc  slate,  than  in  common  slate.  Some  varieties 
of  chlorite  slate  are  harder  and  darker,  and  approach 
nearly  to  hornblende  slate.    The  passage  from  talcous 
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■ibte  to  serjientine  forms  potstone.  Talcou»  slate 
frequently  occupies  the  place  of  mica-xlate  in  pri- 
mary mountains,  aOd  is  sometimes  coiifbundcd  with 
it  j  the  two  minerals,  talc  and  mica,  nearly  resembling 
"  ich  other.  See  Chap.  HI.  The  lar^e  plates  of 
,  which  arc  made  to  supply  the  place  ot  ^[asu  in 
ne  lantenis  and  in  the  slides  tor  microscopes,  arc 
vays  misciiUcd  talc.  Sometimes  mica-slate,  ti-om  an 
Krniixtnre  witii  talc,  forms  an  intermediate  rock, 
hich  partakes  of  the  characters  of  both  rocks:  such 
l-slate  has  generally  a  ^reenisli  colour,  and  is 
er  than  common  mica-slate. 
^Crystalline  or  Priman/  Limestone,  of  which  statuary 
iBrble  is  a  variety,  occurs  principally  tbrmin^  beds 
Tprimary  mountains.  Beds  of  this  mineral  occur 
*ly  in  granite,  more  frequently  in  gneiss,  btit  are 
;  common  in  mica-slate,  with  which  rock  it  is 
£n  much  intermixed,  and  often  alternates  with  it> 
I'is  observed  that  the  primary  limestone  in  granite 
gneiss,  is  coarser  grained  than  that  in  mica* 
J  or  common  slate.  Primary  limestone  is  often 
Bch  intennixed  with  serpentine.  When  beds  of 
Ifmary  limestone  occur  of  contiiderable  tlncknesa, 
'  sometimes  contain  veins  of  metallic  ores, 
Crj-stalline  or  primary  limestone,  when  pure,  is 
mposed  of  calcareous  earth,  which  scarcely  exists 
11  a  component  part  of  granite,  gneiss,  or  mica-slate* 
organic  remains  are  found  in  the  crystalline 
estone  in  primary  mountains;  tlie  structure  is 
»milar ;  the  white  variety  known  as  statuary  marble 
embles  fine  loaf-sugar,  and  is  imperfecly  translu. 
cent ;  hence  it  has  been  called  by  the  French  chaur  car* 
bonat^e  saccaroith:  The  colour  of  primary  limestone 
sometimes  yellowish,  greenish,  or  inclining  to  red. 
tm  a  mixture  of  mica  it  has  often  a  slaty  fracture 
divides  in  plates.  It  may  be  further  deserving 
e,  that  primary  limestone  or  statuary  marble, 
lently  contains  a  considerable  quantity  of  sili- 
;9  earth,  to  which  it  owes  its  hardness  and  dur* 
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Neither  in  England  nor  Wales  have  any  rocks  of 
limestone  been  found  which  possess  the  crystalline 
translucent  qualities  of  statuary  marble,  though  very 
beautiful  marbles  occur  which  will  receive  a  high 
polish  ;  these  belong  to  the  limestone  which  will  be 
described  in  the  following  chapter.  White  marble 
is  procured  from  Italy,  Switzerland,  and  the  Grseciau 
Archipelago. 

Imperfectly  white  crj'stalline  Hmestone  occurs  i 
different  parts  of  Scotland  intermixed  with  serpentine! 
and  mica-slate.  Crystalline  limestone  is  also  found 
in  the  Hebrides,  particularly  in  the  Isle  of  Sky;  but  it 
well  deserves  attention  that  this  limestone,  in  the  hitter 
island,  evidently  appears  to  be  secondary  limestone 
(lias),  changed  in  its  character  by  its  contiguity  to 
trap  rocks,  which  were  in  all  probability  in  a  state  of 
igneous  fusion.  In  other  alpine  districts,  the  lime- 
stones called  primary,  appear  also  to  have  derived  their 
crystalline  character  from  the  action  of  igneous  rocks 
in  their  vicinity,  and  hence  ought  not  to  be  classed 
with  primary  formations.  I  have  seen  many  beds  of 
extremely  hard  white  limestone  in  the  Alps,  which 
have  all  the  characters  of  primary  limestone,  with 
the  exception  of  being  somewhat  less  granular. 
These  beds  occur  over  other  beds  containing  the 
fossils  found  in  green  sand,  and  may  therefore  be 
classed  with  chalk.  That  the  highly  crystalline 
limestone  which  occurs  near  primary  mountains  has 
been  in  a  state  of  fusion,  is  rendered  probable  by  the 
crystals  of  garnet  and  siliceous  minerals  which  are 
ofien  imbedded  in  it.  These  minerals  could  not 
have  been  deposited  from  an  aqueous  solution. 

It  was  once  supposed  that  all  calcareous  rocks  and 
strata  were  composed  of  the  shells  of  marine  animals, 
and  it  cannot  be  doubted  tiiat  many  of  them  are 
entirely  fbnned  of  these  organic  remains  :  but  in  the 
beds  of  primary  limestone,  and  even  in  some  of  the 
secondary  limestones,  no  vestiges  of  such  remains 
occur.  It  may  be  said  that  the  process  by  which 
primary   limestone  was    crystallised,    destroyed   all 
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traces  of  organisation  ;  and  though  it  would  be  im- 
possible to  disprove  this,  yet  there  is  no  reason  to 
believe  that  lime  may  not  exist  as  an  elementary 
earthy  like  silex  or  alumine,  independent  of  the  ope- 
rations of  animal  life.  It  does  so  exist  as  a  component 
part  of  many  minerals,  and  it  may  have  existed  in 
sufficient  quantity  to  form  the  mountains  of  primary 
limestone. 

It  is,  however,  a  curious  but  undoubted  fact,  that 
no  inconsiderable  portion  of  the  earth's  surface  has 
been  formed  by  organic  secretion  ;  and  the  process  is 
still  going  on  extensively  in  the  Pacific  and  Indian 
seas,  where  multitudes  of  coral  islands  emerge  above 
the  waves,  and  coral  shoals  and  reefs  occur  at  small 
depths  beneath  the  water,  in  which,  according  to  the 
observations  of  MM.  Quoi  and  Gaimard,  the  ani- 
mals may  be  seen.  "  Some  spread  out  into  fans,  or 
ramify  into  trees ;  some  are  round  like  balls ;  their 
varied  and  elegant  forms  mingle  and  blend  together, 
and  reflect  the  varied  hues  of  red,  blue,  and  yellow." 
As  one  generation  dies  and  leaves  its  calcareous  re- 
mains another  succeeds,  until  the  mass  of  coral  is 
raised  to  the  surface,  when  the  formation  ceases- 
Fragments  of  coral  are  afterwards  broken  off  by  the 
waves  during  storms,  together  with  shells,  weeds,  and 
sand,  and  are  driven  upon  the  other  parts  of  the  island, 
and  continue  to  elevate  it  until  it  is  above  the  reach 
of  their  action.  From  the  accounts  of  the  above 
naturalists,  and  the  more  recent  observations  of  Cap- 
tain Beechy,  it  appears,  that  the  species  of  polypi  that 
chiefly  form  coral  islands,  do  not  exist  at  greater 
depths  than  a  few  fathoms  below  the  surface  •;  there- 
fore, the  deep  soundings  taken  near  these  islands 
prove,  that  coral  forms  the  crests  of  steep  submarine 
mountains,  which  were  probably  volcanic,  as  these 
crests  have  frequently  a  circular  shape,  but  are  open 
on  one  side,  leaving  a  passage  to  a  circular  lagoon  or 
lake  within,  which  is  shallow,  and  supposed  to  fill  the 

*  Some  species  of  coral  were  brought  up  by  soundings,  from  the 
depth  of  one  hundred  fathoms  or  more. 
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crater  of  a  submarine  volcano.  Though  the  beds  of 
coral  that  form  islands  are  not  of  the  vast  thick- 
ness which  had  been  supposed,  yet  they  rival,  in 
extent  and  magnitude,  some  of  the  large  calcareous 
formations  of  our  present  continents.*  Beds  of  oyster 
shells,  many  miles  in  length,  are  also  known  to  oc- 
cur in  European  seas ;  thus  millions  of  small  marine 
animals  are  preparing  future  abodes  for  other  classes 
of  animals  of  larger  size,  and  living  in  another  ele- 
ment From  whence  do  these  innumerable  zoo- 
phytes and  moluscous  animals  procure  the  lime 
which,  mixed  with  a  small  portion  of  animal  matter, 
forms  the  solid  covering  by  which  they  are  protected? 
Have  they  the  power  of  separating  it  from  other 
substances,  "or  the  still  more  extraordinary  faculty  of 
producing  it  from  simple  elements?  The  latter  I 
consider  as  more  probable;  for  the  polypi  which 
accumulate  rocks  of  coral  have  no  power  of  loco- 
motion ;  their  growth  is  rapid,  and  the  quantity  of 
calcareous  matter  they  produce,  in  a  short  space  of 
time,  can  scarcely  be  supposed  to  exist  in  the  waters 
of  the  ocean  to  which  they  have  access,  as  sea-water 
contains  but  a  minute  portion  of  lime. 

It  is  now  ascertained  that  lime  and  the  other  earths 
are  compounds  of  oxygen  united  with  metallic  bases; 
and  the  brilliant  discoveries  of  Sir  H.  Davy  respect- 
ing the  metallic  nature  of  ammonia,  would  lead  to 
the  conclusion,  that  the  metallic  bases  of  all  the  al- 
kalies and  alkaline  earths,  which  have  many  proper- 
ties in  common,  may,  like  ammonia,  be  compounds 
of  hydrogen  and  azote,  but  differently  combined. 
Now  it  is  well  known  that  hydrogen  and  azote,  which 
exist  as  elementary  constituent  parts  of  almost  all 
animal  substances,  may  be  derived  from  water  and 
the  atmosphere ;  and  should  the  compound  nature 
of  the  metallic  bases  of  the  earths  be  ascertained,  the 
formation  of  lime  by  animal  secretion  will  admit  of 
an  easy  explanation. 

*  Some  of  tliese  islands  are  considerably  elevated  above  the  level 
of  the  sea ;  in  all  probability  they  have  been  upheaved  by  volcaiuc 
agency. 
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Dolomite^  so  called  in  honour  of  the  French  geo- 
logist Di^omieu,  is  a  variety  or  modification  of  lime- 
stone ;  it  pontains  48  parts  of  magnesian  earth,  com- 
bined with  52  parts  of  calcareous  earth.  Dolomite 
is  found  in  rocks  of  different  classes ;  that  which 
occurs  at  St.  Gothard,  and  other  parts  of  the  Alps, 
closely  resembles  white  primary  Umestone :  it  is 
minutely  granular,  and  Uie  grains  are  easily  separated 
by  the  finger ;  but  some  varieties  are  harder.  Dolo- 
mite and  the  magnesian  limestones  in  the  secondary 
strata,  dissolve  with  more  difficulty  in  acids  than 
common  limestone.  Dolomite  forms  vast  beds  io 
the  western  Alps ;  it  occurs  also  in  various  parts  of 
the  Apennines ;  in  Carinthia  there  are  entire  moun- 
tains of  Dolomite.  The  beds  of  Alpine  Dolomite 
are  often  much  broken,  apparently  by  the  protrusion 
of  beds  and  masses  of  porphyry.  The  eminent  geo- 
logist Von  Buch  maintains,  that  limestone  has  been 
(converted  into  Dolomite  by  its  proximity  to  por- 
phyry in  fusion,  and  that  the  magnesia  has  been 
transferred  from  magnesian  mineiuls  in  the  por- 
phyry to  the  limestone  ;  the  magnesia  being  reduced 
to  vapour  or  gas.  Great  difficulties  attend  this 
theory  \  I  shall  hereafter  notice  situations  in  England, 
where  the  theory  might  be  subjected  to  the  test  of 
direct  experiment.  For  the  present  it  may  be  suf- 
ficient to  notice,  that  many  strata  of  magnesian  lime- 
stone appear  far  removed  from  the  possible  influence 
of  igneous  rocks.  Magnesia  is  found  in  many  earthy 
minerals,  and  may  be  regarded  as  a  constituent  ele- 
ment of  the  globe. 

Serpentine  derives  its  name  from  its  variegated 
colours  and  spots,  supposed  to  resemble  the  serpent's 
skin :  its  chemical  composition  has  been  before  de- 
scribed. The  colours  are  most  generally  various 
shades  of  light  and  dark  green,  which  are  intermixed 
in  spots  and  clouds  ;  some  varieties  are  red.  When 
fresh  broken  it  has  some  degree  of  lustre,  and  a 
slightly  unctuous  feel ;  when  pounded,  the  powder 
feels  soapy.     It  is  harder  than  limestone,  but  yields 
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to  tiie  point  ot  a  knife,  and  will  receive  a  very  high 
pdbh.      When  serpentine  is  found  intermixed  with 
pticches  Of  crinstalline  white  marble,  it  constitutes  a 
5COQe  denocQinated  verde-antique,   which  is  highly 
Tilued  tor  ornamental  sculpture.     Some  varieties  of 
jerpecDDe  are  translucent,  in  others  there  is  an  ap- 
pearmc«  ot'  crrstallisation,  forming  a  mineral  called 
duibs^e  or  schiiter-spar.      The  minerals  associated 
with  serpentine  are  generally  those  aUied  to  talc 
Conpocnui  nocks  in  which  talc  and  hornblende  are 
Mvdutmnating    ingredients,    pass    into    serpentine. 
Jla^mesui  enters  largely  into  the  composition  of  these 
rocks^     A  late  andlysis  of  one  kind  of  serpentina 
gmve  iS  per  cent,  of  this  earth.      Serpentine  com- 
tuooiv  occurs  in  srneiss  and  mica-slate,  in  beds  which 
ar^  sometimes  so  thick   as  to  compose  mountain 
»i:s$e$  of  coosxdemble  height.    Serpentine  sometimes 
bevvQies  magnetic^  trom  an  intimate  intermixture 
with  ttiuttie  particles  of  magnetic  ironstone.     Many 
oi'  the  alpine  districts  in  Europe  contain  rocks  and 
bevis  or*  serpentine :  but»  according  to  Patrin,  there 
i^  IK>  serpentine  in  Northern  xlsia,  nor  was  it  seen  by 
HumbiWvlt  in  the  Andes ;  it  is  not  uncommon  in  the 
l^nieevl  States  i>l'  North  America.     In  the  Alps,  it  is 
o|v^rvt\i  that  the  rvvks  of  serpentine  lia  principally 
iHi  that  skio  which  races  Italy,  and  the  coast  of  Ge- 
Uvvu     There  is  a  sott  kind  of  serpentine,  sufficiently 
tetuiokKis  to  be  tunievl  in  a  lathe  into  vessels  of  any 
shajH\  which  resist  the  action  of  fire:  hence  they 
are  usevi  K>r  culiiurk-  and  other  purposes  in  some  parts 
of  5iwitA."riaiuU  in'Lombardy,  and  even  in  Higher 
E^^pt*      rho  u^  of  this  stone  is  of  great  antiquity, 
beiiig  distinctly   mentioned  by  PUny;  it  is  called 
Itgfh  otlatis^  or  potstone. 

In  Cornwall  serpentine  occurs  with  a  micaceous 

k  lying  over  granite,  and  forms  part  of  the  pro- 

■y  called  the  Liziu-d  Point.     It  occurs,  alsow 

iskeard,  in  the  same  county.      It  is  not  met 

any  other  part  of  England  that  I  know  of;  but 

observed  rocks  approaching  the  nature  of  ser- 
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pentine  in  Charawood  Forest,  and  in  the  county  of 
Aadnor,  in  Wales. 

Beautiful  varieties  of  red  and  green  serpentine 
occur  in  the  Isle  of  Anglesea,  about  six  miles  from 
the  Paris  copper-mine.  It  is  found  in  beds  of  great 
thickness  associated  with  the  common  slate-rocks  of 
the  district,  which  approach  in  their  nature  to  talcous 
slate :  asbestus  lies  in  considerable  quantities  in  the 
partings  between  the  beds  of  serpentine. 

Some  of  the  specimens  of  this  serpentine  have 
the  characters  of  the  precious  or  noble  serpentine ; 
the  colours  are  principally  dark  green,  intermixed 
with  spots  and  clouds  of  lighter  green,  and  shining 
laminas  of  schiller  spar,  or  crystallised  serpentine. 
The  fracture  is  conchoidal,  and  it  is  translucent  at 
the  edges.  It  resists  the  point  of  a  copper  or  brass 
tool,  and  breaks  with  great  difficulty.  Some  varieties 
contain  crystalline  limestone,  but  in  smaller  patches 
than  in  the  Italian  verde-antique ;  occasional  stripes 
and  spots  of  steatite,  asbest,  and  quartz,  occur  in  it 
The  red  is  sometimes  intermixed  with  a  great  variety 
of  other  rich  colours  in  the  same  stone,  as  black, 
white,  greenish  white,  and  dark  green.  It  may  be 
considered  as  a  valuable  stone  for  purposes  of  orna- 
mental architecture,  for  in  beauty  and  durability  it 
is  not  exceeded  by  the  costly  marbles  of  Greece  or 
Italy. 

By  a  mixture  of  serpentine  with  talc  or  steatite, 
serpentine  becomes  soft  and  sectile,  and  forms  the 
mineral  called  potstono,  before  mentioned.  A  dif- 
ferent combination  of  crystallised  serpentine  {dial- 
lage)  wnth  jade,  or  felspar,  forms  one  of  the  hardest 
and  heaviest  of  known  rocks.  It  was  first  noticed  by 
Saussure  in  rounded  pieces  and  loose  blocks,  scat- 
tered over  several  pa^ts  of  the  valley  near  the  Lake 
of  Geneva :  to  this  mineral  the  name  of  Saussurite  has 
been  given.  It  is  much  harder  than  quartz,  and  its 
specific  gravity  is  S'35  :  it  is  the  hardest  and 
heaviest  of  known  rocks  composed  only  of  earthy 
minerals :    the  colour  generally  is  greenish.     Some 
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varieties  of  saussurite  as  well  as  of  serpentine  ac- 
quire an  external  polish,  like  a  coat  of  vamtsht  by 
exposure  to  the  action  of  water :  this  may  be  ob* 
served  in  the  pebbles  of  bright  green  saussurite  near 
Mont  St.  Gothard,  and  in  the  serpentine  at  the 
Lizard  in  Cornwall.  For  a  considerable  time  it  was 
unknown  where  saussurite  occurred  m  siiu;  it  bas 
since  been  discovered  in  immense  beds,  associated 
with  serpentine,  in  the  valley  of  Sass,  in  the  Haul 
Valois.  Near  Nyon,  on  the  Lake  of  Geneva,  one  hun- 
dred and  twenty  miles  distant,  there  is  a  field  scat- 
tered over  with  large  blocks  of  the  same  stone,  which 
the  proprietor  has  been  unable  to  remove  by  blasting 
on  account  of  their  unconquerable  hardness.  Beds 
of  saussurite  occur  on  the  southern  side  of  the  Alps, 
and  in  the  Apennines.  A  very  interesting  de- 
scription of  the  saussurite  and  serpentine  of  the 
Apennines  has  been  published  by  M.  Brongniart, 
entitled  Sur  le  Gusement  ou  Posi/ion  relative  de$ 
Op/fioliles,  Eupholides^  et  Jaspes^  dans  qvelques  Parties 
des  Apetmins.^  In  these  mountains,  the  serpentine 
rests  upon  saussurite,  the  saussurite  on  strata  of 
jasper,  and  the  latter  on  secondary  limestone.  This 
position  is  lemarkable,  for  geologists  had  long  sup- 
posed that  all  serpentines  were  more  ancient  than 
the  secondary  rocks.  It  has,  however,  been  recently 
discovered,  that  some  trap-rocks  which  are  in  con- 
tact with  beds  of  limestone,  or  cut  through  beds  of 
limestone,  are  changed  into  serpentine,  apparently  by 
intermixture  wiih  calcaieous  earth.  This  discovery 
throws  ipuch  light  on  the  true  nature  of  serpentine: 
we  can  no  lon^^er  be  surprised  at  finding  these  rocks 
in  formations  of  different  epochs.  Though  serpen- 
tine may  in  many  instances  be  considered  as  a  rock 
whose  quality  has  been  changed  as  before  stated, 

*  It  is  lo  be  regreltcd  lliat  so  excellent  an  obj^erver  and  miner- 
alogist as  M.  Brongniart,  who  is  so  justly  eminent  for  his  scientific 
labours,  should  have  thought  it  necessary  to  burden  Geology  with 
two  addiiional  new  names.  Serpentine  he  has  denominated 
cp/iioiiley  and  saui»suritc  cupJiotide. 


yet  it  would  be  cootraiy  to  sound  induction  to  main- 
tain that  serpentine  may  not,  in  other  instances,  be 
an  original  rock  formation.  Wherever  the  earths 
that  compose  serpentine  have  occurred  together  in 
due  proportions,  the  sume  causes  which  have  pro- 
duced other  mineral  combinations  may  have  formed 
serpentine :  it  is  rendered  almost  certain  that  this 
baa  been  the  case,  as  many  rocks  containing  chlorite 
aad  hornblende,  appear  to  pass  by  gradation  into 
s^peatine. 

Hombletide-Rock  and  Homblende-Slaie.  —  This 
mineral  has  been  described  Chap.  III.  When  it 
fcNrms  the  principal  parts  of  rocks,  the  colour  is  com- 
monly a  greenish  black.  Massive  hornblende  in 
rocks  18  generally  coarsely  granular  and  lamellar ;  in 
hornblende-slate,  it  is  frequently  radiated  or  fibrous, 
and  when  the  fibres  are  very  minute  it  has  a  velvet- 
like lustre.  Hornblende-slate  occurs  in  beds  in 
granite,  gneiss,  and  mica-slate,  and  occasionally  in 
common  slate :  it  appears  to  pass  by  gradation  into 
serpentine  :  the  change  is  eflPected  by  an  increase  of 
magoesia,  which  forms  one  of  the  constituent  parts 
of  nomblende. 

Hornblende  in  large  lamellar  grains,  intermixed 
with  felspar,  forms  sienite,  which  it  was  remarked  in 
the  last  chapter  is  not  unfrequently  associated  with 
granite :  the  passage  of  one  rock  into  the  other  by 
the  increase  or  decrease  of  felspar,  may  frequently 
be  observed  in  the  same  mountain.  When  horn- 
blende and  felspar  are  more  inliniately  blended,  they 
form  the  rock  called  by  the  Germans  Green-stone^ 
by  the  French  Diabase ;  and,  with  other  rocks  of 
similar  composition,  are  frequently  described  as  trap- 
rocks,  and  by  the  French  as  rochcs  amphiholiques : 
these  will  be  more  properly  noticed  in  the  subsequent 
chapters.  When  the  hornblende  and  i'elspar  are  so 
closely  and  minutely  intermixed  that  the  rock  ap- 
pears homogeneous,  the  trap  has  all  the  external 
character  of  a  rock  (hereafter  to  be  more  fully  de- 
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called  Basalt.*  In  examining  the  geo- 
logical specimeos  of  saussiire  in  the  museum  at 
Geneva,  I  obserred  that  the  rocks  which  he  so  Gre- 
fpiendv  mentions  onder  the  name  of  ComSene^  are 
Buxoires  or  bonblende  and  felspar,  in  which  the 
&mier  miniKal  predominates. 

Horribiende  intermixed  with  felspar,  forming  si- 
ecite  :&nd  gr^ectsstooe,  occurs  at  the  Malvern  Hills, 
ia  Wixv-e»cer$£tire ;  at  the  Chamwood  Forest  hillst 
ui  lJeio;<c>H^^aIre ;  and  in  Cornwall,  Cumberland, 
ami  Nor:a  aai  Xxich  Walesa  Very  Uttle  well  cha- 
r^hrctfn$evi  ^^^xvbieade^siate  is  found  in  any  part  of 
Emducii.  Sxc  :i  cvcurs  abundantly  in  the  alpine  parts 
^Y^  XvcuiisvL  acd  in  BKl^c  or  the  principal  mountain 
n£!ic^^  :3  Ei;rv>K.  Tbe  various  intermixtures  of 
KYTtCt^oOe  ;fiDki  ^"S^ur,  to  which  the  name  of  trap- 
TxVis  :si  rwaKtrriy*  c^>?«u  may  more  properly  be 

y^jrv^r'i  vaer:«*  ::$  name  mwa  a  Greek  word 
i^>#iccj8i^  nrvui :  ihe  rock  to  which  it  was  at  first 


•   rW  tm:  ^.*  MA^-fi:  t^  Fr^och  gire  tbe  hbk  of  Dutese,  the 

C(m*(Mkt  rsi^  .*€  Werser,  nesembies  basalt  iviudi  the  Frendi  call 

IVi^TTCvr'  ^*'  cl*i»«r>,  Nxh  in  composition  and  pbTsical  characters, 

l^c  :^<  ^^  i^'c  ^to  tvo  species  seems  prindpallT  made  to  serve 

^  ?<firtv(W  vV  theonr.     Diabase  is  composed  of  leispar  and  hom- 

M^M^v  assi  «ki«efite  of  felspar  and  aogite  intimatelj  combined. 

^K  «ji  h^MmKende  and  augite  do  not  ditfer  more  in  chemical  com- 

|si«i;i\>R,   than  one   species  of  hornblende  differs   from   aDOther, 

ansi  a$  thc:^^  two  minerals  are  onlv  to  be  distinguished  by  their 

cr\'^al!t5atKw  :  vhen  ther  occur  uncr\'stal]is€d.  mav  they  not  be 

m^rxled  as  identicftl  ?     It  is  true,  augite  occurs  abundantlj  la 

ivvks  of  uinkHibted  i^eous  or^:in,  and  in   the  lavas  of  recent 

^v^K^n^vs ;  hvviiblende  occurs  also  in  basaltic  lavas,  but  more  fre- 

«|\HMit)y  in  rvx'ks  of  which  the  igneous  origin  is  not  so  generaDj 

IMin^ittet) :  vet  it  mav  be  tairlv  doubted,  whether  the  distinctioa 

«  %  • 

iMMwcon  ci^mpact  diabase,  and  compact  dderite,  has  not  been  made 
In  (vrder  to  form  gratuitous  conclusions  respecting  the  diffisrent 
fTilpii  of  rocks«  which  are«  in  chemical  composition  and  external 
essentially  the  same. 

~«culloch  states  an  instance  in  Shetland,  where  slate 

Hurt  to  be  converted  into  hornblende-slate  by  ap- 

anite ;  but  no  inference  can  be  fairly  drawn  from 

)  of  this  kind»  as  there  is  no  evidence  to  prove 

de*tchist  is  not  an  onginal  rock. 
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applied  had  a  purple  colour.  In  the  modem  ac- 
ceptation of*  the  term,  any  rock  which  is  compact 
or  finely  granular,  and  contains  distinct  imbedded 
crystals,  is  called  Porphyry,  whatever  be  its  colour. 
The  base  or  paste  of  most  porphyritic  rocks  is  feU 
spar;  and  the  imbedded  crystals  are  also  felspar, 
thou^  there  may  be  also  small  grains  or  crystals  of 
quartz  or  other  minerals.  It  has  been  stated,  in  the 
preceding  chapter,  that  granite,  by  becoming  finer 
minedf  frequently  passes  to  the  state  of  porphyry. 
The  eurUe  of  the  French  geologists,  and  the  weiss^ 
stein  or  white-stone  of  Werner,  is  a  granite  in  which 
the  fdspar  is  the  principal  constituent  part,  and 
18  either  finely  granular  or  nearly  compact.  To  this 
variety  £nglish  geologists  give  the  name  of  compact 
felspar:  the  white  el  van  of  the  Cornish  miners  is  a 
porphyritic  eurite, 

(jeologists  have  described  four  formations  of  por- 
phyry, but  it  is  generally  agreed  that  there  is  much 
uncertainty  with  respect  to  the  situation  of  these 
formations.  The  porphyry  which  occurs  regularly 
imbedded  in  granite,  or  which  appears  to  be  formed 
by  a  mere  change  of  structure  in  that  rock,  may 
properly  be  classed  with  primary  rocks:  it  is  not 
considered  to  be  an  extensive  formation ;  the  white 
elvan  of  Cornwall,  and  probably  the  porphyry  asso* 
ciated  with  mica-slate  in  Argyleshire,  belong  to  this 
formation.  Porphyry  also  occurs  in  enormous  masses, 
sometimes  intersecting  and  sometimes  covering  pri- 
mary mountains.  The  granite  of  Ben  Nevis  in 
Scotland  is  intersected  by  veins  of  porphyry ;  and 
at  the  head  of  Glen  Ptarmagan,  a  cliff  of  porphyry 
1500  feet  high,  shaped  like  an  oblique  truncated 
pyramid,  passes  through  granite.  *  Porphyry  ;  im- 
bedded  in  transition  rocks,  or  associated  with  trap 
or  volcanic  rocks,  must  generally  be  regarded  as 
cotemporaneous  with  the  formations  in  which  they 
occur.     Porphyry  is  in  some  instances  an  undoubted 

*  Phil.  Mag. 
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volcanic  formation,  and  presents  a  connecting  gra- 
dation between  granitic  primary  rocks,  and  those  of 
a  more  recent  igneous  origin.  Wherever  porphyiy 
occurs  un conformably,  covering  other  rocks,  it  is 
evidently  more  recent  than  the  rocks  on  which  it 
rests,  and  must  be  classed  with  basaltic  or  trap-rocks  ; 
this  porphyry  will  be  described  with  them  in  a  sub-f 
sequent  chapter. 

Before  taking  leave  of  the  rocks  classed  as  Prima-> 
ry,  it  may  be  proper  to  notice  that  some  of  the  rocks 
associated  with  granite,  gneiss,  and  mica-slate,  occur 
also  in  the  transition  class,  and  even  in  the  lower 
secondary  strata.  The  same  causes  by  whieb  they 
were  forced  among  primary  rocks,  hie  aW  opei 
ated  at  a  later  period :  indeed,  one  of  the  well  known 
rocks,  limestone,  has  been  deposited  or  formed  in  all 
the  different  classes  of  rocks  except  the  volcanic,  and 
must  therefore  receive  its  name  from  the  class  with 
which  it  is  associated;  as  primary  limestone,  traD-» 
sition  limestone,  &c.  In  some  instances,  the  min«ai 
characters,  or  the  fossils,  serve  to  distinguish  rocks 
of  the  same  kind,  that  occur  in  the  different  classes 
or  formations :  thus  the  rocks  associated  with  primary 
rocks  are  generatly  harder  and  more  crystalline  than 
the  same  species  of  rock  which  occurs  in  the 
eondary  class ;  but  this  is  not  invariably  the  case. 
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CHAP.  VII. 

ON  INTERMEDIATE  OR  TRANSITION  ROCKS. 

Characters  and  Classification  of  Trani«ilion  Rocks.  —  Slate  or  Clay* 
Slate.  —  Peculiarities  of  Structure.  —  Varieties  of  Slate.  — 
Flinty  Slate.  —  Greywacke  and  Grey  wacke- Slate  ;  its  Passage 
into  Red  Sandstone'  and  Gritstone. —  Errors  of  Geologists  re^ 
specting  the  old  Red  Sandstone.  —  Lower  Transition-Ltme- 
•tooe :  remarkable  Position  of  its  Beds.  —  Upper  Transition  or 
Mountain  Limestone.  —  Magncsian  Limestone,  in  Mountain 
Limestone.  —  Peculiarities  in  the  Strati6cation  of  Clouds  HilL 
—  Errors  respecting  the  Mountain  Limestone  of  Derbyshire.— 
Remarkable  Structure  of  Crich  Cliff.  —  Quartz  Rock.  —  Jasper 
Greenstone.  —  Coal  Strata  in  England  separate  the  Upper 
Transition  Rocks  from  the  Secondary.  —  Observations  on  the 
Transition  Rocks  of  distant  Couniries.  —  En-ors  of  Geologists 
respecting  them. 

Transition  or  intermediate  rocks  cover  rocks  of  the 
primary  class,  and  are  distinguished  as  the  lowest 
rocks  ia  which  the  fossil  remains  of  animals  or 
vegetables  are  found;  they  may  be  regarded  as  the 
most  ancient  records  of  our  globe,  imprinted  with 
the  natural  history  of  its  earHest  inhabitants. 

Transition  rocKS  are  the  principal  repositories  of 
metallic  ores,  which  occur  (both  in  veins  and  beds) 
more  abundantly  in  many  of  the  rocks  of  this  class 
than  in  primary  rocks.  Metallic  veins  very  rarely 
occur  in  the  secondary  strata. 

Geologists  have  often  been  perplexed  in  their 
attempts  to  draw  a  well-marked  line  of  distinction 
between  primary  and  transition  rocks  :  the  difficulty 
has  arisen  chiefly  tiom  their  nrraciging  slate  witii  the 
primary  class;  and  hence  the  clisci|)les  of  Werner 
have  been  obliired  to  introduce  tlie  theoreiical  terms 
of  newer  and  older  primary  slate,  and  newer  and 
older  transition  slate,  &c.  If  the  occurrence  of 
orficanic  remains  in  rocks  be  the  characteristic  dis- 
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tinction  between  the  primary  and  transition  class, 
slate  must  certainly  be  classed  with  the  latter ;  for  it 
is  among  the  siate  rocks  that  the  fossilised  remains  of 
animals  and  vegetables  first  appear,  in  every  country 
that  has  yet  been  examined.  One  of  the  disciples 
of  Werner,  M.  D' Aubuisson,  admits  that  there  is  no 
where  any  extensive  formation  of  primary  slate. 
M.  Bonnard,  another  disciple  of  the  same  school, 
in  his  Apperfu  Geognostique  des  Terrains^  after 
enumerating  various  primary  slate  rocks,  candidly 
acknowledges  that  it  is  doubtful  whether  primary 
slate  can  any  where  be  found.  It  is  true,  that  micaF 
slate  passes  by  almost  iitiperceptible  gradations  into 
common  slate;  but  here,  as  in  other  instances,  we 
only  find  that  Nature  is  not  limited  by  the  artificial 
arrangements  of  the  geologist:  yet  so  long  as  it 
may  be  proper  to  class  rocks  containing  organic 
remains  with  transition  rocks,  we  must  place  slate 
among  them.  Nor  can  this  be  invalidated  by  the 
fact,  that  in  some  slate  rocks  no  vestiges  of  animal 
or  vegetable  remains  occur;  for  among  the  secondary 
strata,  abounding  in  such  remains,  we  often  meet 
with  alternating  beds,  in  which  they  are  never  found; 
but  we  do  not,  on  that  account,  class  them  with 
primary  rocks.  In  arranging  transition  rocks,  I 
most  decidedly  place  the  English  mountain  lime- 
stones among  them,  as  I  have  done  in  the  former 
editions  of  this  work.  I  know  no  circumstance  in 
Geology  that  evinces  more  strongly  the  tenacity 
with  which  errors  are  cherished,  wnen  they  have 
been  some  time  entertained,  than  the  determination 
of  English  geologists  to  separate  mountain  lime- 
stone from  transition  limestone,  —  in  opposition  to 
analogy,  and  to  the  universal  opinion  of  geologists 
on  the  Continent  This  separation,  as  a  mere  matter 
of  classification,  would  be  in  itself  of  little  import- 
ance; but  it  has  tended  more  than  any  other  cir- 
cumstance  to  perplex  both  foreign  and  English 
geologists,  in  their  attempts  to  assimilate  the  rock 
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formations  of  England,  with  those  on  the  continent 
of  Europe. 

When  a  general  attention  was  first  excited  in  this 
Country  to  the  study  of  Geology,  access  to  the  Con- 
tinent was  extremely  difficult,  and  we  were  left  to 
explore  as  well  as  we  could  the  geology  of  our  own 
island,  enlightened  only  by  the  dark-lantern  of  Ger- 
man  Geognosy.  Many  characters  were  given  c^ 
transition  rocks,  or  flcetz  or  parallel  rocks,  founded 
on  local  observations  in  Germany,  which  did  not 
apply  to  the  rocks  in  other  countries :  it  was  found 
that  the  characters  of  our  metalliferous  limestone 
did  not  agree  vety  well  with  either,  and  therefore 
English  geologists  have  retained  the  name  of  moun- 
tain limestone;  and  the  appellation  of  transition 
limestone  was  restricted  to  a  lower  bed,  small  in 
extent,  and  comparatively  unimportant.  When  I 
first  visited  the  Continent,  and  examined  the  cabinets 
of  some  eminent  geologists,  I  was  particularly  stnick 
with  finding  the  analogues  of  our  principal  beds  of 
mountain  limestone  exhibited  as  types  of  true  transit 
tion  limestone.  On  my  return  to  Paris  the  following 
year,  I  took  specimens  of  our  mountain  limestone 
from  Derbyshire,  Westmoreland,  Somersetshire,  and 
Wales  ;  and  also  of  the  lower  limestones  from  Shrop* 
shire  and  Devonshire  ;  and  presented  them  to  MM. 
Brongniart  and  Brochant.  The  whole  of  the  speci- 
mens they  recognised  as  transition  limestones,  and 
selected  the  encrinal  and  dark  madre])ore  mountain 
limestones,  as  the  true  types  par  excellence  des  CaU 
caires  de  Transition. 

The  following  arrangement  of  transition  rocks 
comprises  the  lowest  rocks  in  which  organic  remains 
occur,  and  those  which  are  metalliferous,  or  are  asso- 
ciated with  metalliferous  rocks  :  — 


124  SLATE. 

Transition  Class 
(conformable). 

1.  Slate,  including  flinty  slate  and  other  varieties. 

2.  Greywacke  and  greywacke-slate,  passing  into 

old  red  sandstone^ 
S.  Transition  limestone.     Mountain  limestone. 

Rocks  covering  Transilion  Rocks  (unconformably). 

4.  Porphyry,  passing  into  trap  or  greens-stone. 

5.  Clink-stone,  passing  into  basalt. 

6.  Basalt 

Strata  covering  Transition  Rocks  (conformably). 

7.  The  coal  measures.* 

Slate  —  of  which  roof-slate  is  a  well  known  variety- 
is  called  by  the  Germans  Thon'^scheiffer  or  clay-slate; 
by  ancient  English  geologists,  argillaceous  schistus ; 
by  the  modern  French,  Phyllade.  The  term  slate 
is  perhaps  the  most  proper  that  can  be  used  to  desig- 
nate this  rock ;  as  the  best  variety  of  it.  Roof-slate,  is 
well  known.  Clay-slate  is  a  name  given  from  an 
erroneous  opinion  respecting  its  constituent  parts; 
and  the  term  is  liable  to  create  much  confusion,  as 
the  softer  kind  of  slate  in  the  coal  strata  is  called 
slate-clay,  I  shall,  therefore,  throughout  the  present 
volume  substitute  the  term  slate  for  clay-slate,  and 
for  slate-clay  the  more  intelligible  English  term  shale. 

Slate  rocks  abound  in  most  alpine  districts,  resting 
either  on  granite,  gneiss,  or  mica  slate.  That  slate 
which  lies  nearest  the  primary  rocks  has  a  more 
shining  lustre  than  the  other,  and  partakes  more  of 
the  crystalline  quality  of  mica-slate.  As  this  rock 
recedes  from  the  primary,  its  texture  is  generally 
tnore  earthy.  Its  colours  are  various  shades  of  gray, 
inclining  to  blue,  green,  purple,  and  red.  Some 
kinds  of  slate  split  into  thin  lamina?,  which  are  well 
known  as  forming  roof-slates.     Slate  rocks  are  com- 

*  The  regular  coal  strata  or  coal  measures,  where  they  occur  in 
England,  separate  the  transition  from  the  secondary  rocks.  If  they 
are  classed  with  either,  it  should  be  with  the  former. 
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monly  divided  into  beds  of  various  degrees  of  thick- 
ness,  which  generally  are  much  elevated,  and  from 
the  natural  divisions  of  the  rock,  they  often  form 
peaked  and  serrated  mountains. 

Slate  has  been  described  by  former  geologists  as 
distinctly  stratified,  because  it  splits  easily  into  thin 
laminae,  and  the  direction  of  the  lamina;  is  asserted 
to  be  in  the  direction  of  the  beds ;  but,  in  opposition 
to  the  authority  of  many  eminent  geologists,  I  main*- 
tain  that  slate,  unless  it  be  of  a  soil  or  coarse  kind 
approaching  to  shale  or  greywacke,  invariably  splits 
in  a  transverse  direction  to  that  of  the  beds,  making 
with  that  direction  an  angle  of  about  sixty  degrees;  — 
it  has  frequently  two  distinct  cleavages* 

Few  persons,  perhaps,  have  examined  more  slate 
rocks,  or  consulted  more  workers  in  slate  quarries 
than  I  have ;  and  the  fact  respecting  its  cleavage  is 
invariably  what  is  here  stated,  except  in  very  coarse 
greywacKe-slate,  and  soft  slate  or  shale. 

Slate  rocks  vary  much  in  quality  in  the  same 
mountain ;  those  which  contain  a  great  quantity  of 
siliceous  earth  pass  into  flinty  slate.  When  magnesia 
enters  largely  into  the  composition  of  slate  rocks, 
they  are  distinguished  by  their  green  colour,  and 
pass  into  chlorite  or  talcy  slate,  —  a  rock  before  men- 
tioned as  occurring  also  in  primary  mountains.  Whet- 
stone-slate, or  hone,  is  a  variety  of  talcy  slate, 
containing  particles  of  quartz :  when  these  particles 
are  extremely  minute,  and  the  slate  has  a  uniform 
consistence  and  requisite  degrees  of  hardness,  it  forms 
hones  of  the  best  quality.  Carbonaceous  matter  is 
first  discovered  in  slate  rocks,  and  increases  in  quan* 
tity  as  they  approach  the  secondary  strata.  Drawing- 
slate  is  stated  to  contain  11  per  cent  of  carbon  j 
where  the  carbon  is  very  abundant,  the  slate  has  a 
dark  colour,  and  is  generally  soft.  Impressions  of 
vegetables  are  found  in  some  slate  rocks  that  were 
formerly  regarded  as  primary ;  the  slate  rocks  in  the 
vicinity  of  Mont  Blanc,  and  Mont  Cenis,  contain 
impressions  of  ferns.  Slate  contains  occasionally 
impressions  of  fuci,  or  scv^  weed. 
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That  fine  A*ariety  of  slate  which  is  used  for  roof* 
slate,  seldom  forms  entire  mountains,  but  is  generally 
imbedded  in  slate  rocks  of  a  coarser  kind :  the  becu 
of  roof-slate  are  sometimes  of  considerable  thickness, 
and  generally  rise  at  an  elevated  angle.  If  geologists 
had  not  been  induced,  by  an  attachment  to  theory, 
pertinaciously  to  adhere  to  opinions  once  received, 
they  could  not  have  failed  to  recognise  the  effect  of 
crystallisation  in  the  clea\^e  of  slate,  as  evidently  as 
in  the  laminar  divisions  of  felspar. 

Those  varieties  of  roof-slate  are  preferred  for  the 
covering  of  buildings,  that  are  the  least  absorbent  of 
water,  and  have  the  smoothest  surface,  and  split  into 
the  thinnest  plates;  they  are,  however,  frequently 
made  too  thin  to  be  durable,  and  too  light  to  resist 
the  force  of  the  wind  during  storms. 

Quarries  of  slate  are  worked  extensively  in  West- 
moreland, Yorkshire,  Leicestershire,  North  Wales, 
Cornwall,  and  Devonshire.  The  foreign  localities  of 
slate  are  so  numerous,  it  would  be  superfluous  to 
name  them. 

Mountains  of  slate  are  seldom  so  precipitous  as 
those  of  granite,  but  have  often  a  sharp  serrated 
outline.  They  are  covered  with  verdure  on  their  d^ 
clivities,  as  they  contain  less  silex,  and  a  more  equal 
admixture  of  the  earths  favourable  to  vegetation. 

Flinty  slate,  as  before  obser\ed,  differs  from  com* 
mon  slate  by  containing  a  greater  quantity  of  siliceous 
earth ;  and,  as  its  name  implies,  it  partakes  of  the 
nature  of  flint.  Slate  and  flinty  slate  not  only  pass 
into  each  other,  but  frequently  alternate.  When  the 
latter  ceases  to  have  tlie  slaty  structure,  it  becomes 
hornstone,  or  what  tlie  French  denominate  petro* 
silex.  If  it  contain  crystals  of  felspar,  it  becomes 
hornstone  porphyry :  all  these  varieties  may  be  ob- 
served alternating  with  each  other  in  the  same  rocks 
in  Chamwood  Forest,  and  in  North  Wales  and  Cum- 
berland. 

Slate  is  regarded  as  one  of  the  most  metalliferous 
rocks^:   nearly  all  the  principal  metallic  ores  have 
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been  found  in  slate,  either  in  veins  or  beds ;  but  it 
is  remarkable  that  flinty  slate  seldom  contains  any 
repositories  of  metallic  matter.  Lead  and  copper 
are  the  principal  metals  found  in  the  slate  rocks  of 
England  and  Wales :  they  are  not  so  rich  in  lead  as 
the  mountain  limestone,  but  the  lead  ore  in  slate 
rocks  contain  a  larger  portion  of  silver.  The  killas 
of  Cornwall,  so  remarkably  metalliferous,  is  a  variety 
of  slate. 

Grejfwacke  and  Greywacke-Slaie ;  German  Grau-^ 
wack6.  —  This  dissonant  term,  which  we  have  bor-' 
rowed  from  the  German,  the  French  gcol(^ists  have 
exchanged  for  a  name  not  more  harmonious,  though 
more  expressive,  Traumaie^  from  the  Greek  Thrausma 
a  fragment 

Greywacke,  in  its  most  common  form,  may  be  de- 
scribed  as  a  coarse  slate  containing  particles  or 
fragments  of  other  rocks  or  minerals,  varying  in  size 
from  two  or  more  inches  to  the  smallest  grain  that 
can  be  perceived  by  the  eye.  When  the  imbedded 
particles  become  extremely  minute,  greywacke  passes 
into  common  clay-slate.  When  the  particles  and 
fragments  are  numerous,  and  the  slate  in  which  they 
are  cemented  can  scarcely  be  perceived,  greywacke 
becomes  coarse  sandstone  or  gritstone.  When  the 
fragments  are  larger  and  angular,  greywacke  might 
be  described  as  a  breccia  with  a  paste  of  slate.  When 
the  fragments  are  rounded,  it  might  not  improperly 
be  called  an  ancient  conglomerate.  When  rocks  of 
greywacke  have  a  slaty  structure,  they  form  grey- 
wacke-slate. 

Greywacke  has  by  some  of  the  French  geologists 
been  described  as  a  transition  sandstone,  with  a 
cement  either  of  siliceous  earth,  or  of  slate.  This 
definition  agrees  with  the  gritstones  associated  with 
the  upper  transition  or  mountain  limestone.  Where 
the  paste  is  hard  and  siliceous,  as  I  have  observed  in 
the  greywacke  of  Savoy,  that  separates  the  primary 
from  the  secondary  rocks,  many  of  the  siliceous 
particles  may  have  been  original  concretions  formed 


IS6  OLD  BED  SAJro-tTONE  18 

ar  tbe  same  dme  as  the  paste ;  aod  where  these  con- 
cmkms  are  all  composed  of  qaartz,  we  may  infer 
tbat  ^soch  has  beea  their  mode  of  formation.  In  other 
iD^tances  the  indents  are  evidently  the  d6bris  of 
Bftore  aocient  rocks»  that  have  been  broken  down  by 
socne  great  catastrophe,  and  mixed  with  more  recent 
beds  ax  tbe  period  when  they  were  forming.  This 
iDode  of  formation  implies  that  a  considerable  period 
etapsed  between  the  formation  of  the  primary  and 
secoodanr  rocks.  Tbe  fragments  are  adways  those 
of  lower  rocks  and  never  of  the  upper  strata.  In 
some  situations  immense  beds  of  loose  conglomerate, 
composed  of  lar^  fragments  and  boulders  of  the 
lower  Tocks^  separate  the  slate  rocks  from  the  calcare* 
ous  formations  :  such  conglomerates  may  be  regarded 
as  occupying  the  geological  place  of  greywacke,  and 
beloneinsr  to  the  £rre\~wacke  formation. 

The  old  red  sandstone,  about  which  so  much  has 
been  ¥rritten  and  so  little  understood,  is  a  grey  wacke, 
coloured  red  by  the  accidental  admixture  of  oxide  of 
iron.  In  Monmouthshire,  the  relations  of  red  sand- 
stone with  greywacke,  and  the  passage  of  one  rock 
into  tlie  other,  mav  be  distinctly  observed;  the  con* 
nection  also  with  the  lower  gritstone,  under  the 
mountain  limestone,  may  be  plainly  traced.  Here^ 
then,  we  have  the  mountain  limestone  with  its  alter* 
nating  beds  of  grit,  the  red  sandstone  and  the  grey* 
wacke,  evidently  members  of  the  same  formation; 
and  to  make  the  connection  more  complete,  the  red 
sandstone  coniaius  beds  of  limestone,  which  form 
the  link  between  the  lower  transition  and  the  upper 
transition  limestones.  This  limestone  is  imperfect, 
being  intermixed  with  siliceous  particles;  it  is  of  a 
greenish  colour,  and  hence  called  Gooseberry  lime- 
stone. The  red  sandstone  also  passes  into  claystone, 
which  is  as  well  characterised  as  that  of  the  Pent- 
land  Hills.  • 

•  From  the  quautity  of  oxide  of  iron  and  of  red  marie  in  sone 
beds  of  the  old  red  sandstone,  and  firom  its  passage  into  daystoo^ 
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The  old  red  sandstone  possesses  all  the  mineral 
characters  of  greywacke,  except  the  colour,  which  is 
a  quality  that  can  never  be  considered  of  importance, 
being  chiefly  derived  from  local  or  accidental  causes. 
The  old  red  sandstone  also  occupies  the  geolc^cal 
position  of  greywacke,  and  greywacke-slate,  into 
which  it  passes  merely  by  a  change  of  colour.  The 
principal  reason  why  it  nas  not  been  generally  re- 
cognised as  belonging  to  the  greywacke  formation  is, 
that  it  has  frequently  been  confounded  with  the  red 
sandstone  above  the  coal  formation:  some  of  the 
be<k  greatly  resemble  each  other ;  and  it  is  not  yet 
clearly  ascertained,  whether  the  red  sandstone  in 
some  parts  of  England  and  Scotland  be  the  old  red 
sandstone  or  the  new.  Until  English  geologists  shall 
renounce  their  prejudices,  and  place  the  old  red  sand- 
stone and  mountain  limestone  in  the  Transition  Class, 
as  greywacke,  and  transition  limestone,  every  attempt 
will  be  vain  to  identity  this  part  of  the  geology  of 
England  with  that  of  the  Continent :  particularly  as 
the  Alpine  limestone  of  foreign  geologists,  is  a  very 
diflerent  formation  i'rom  the  transition  limestone, 
comprising  the  several  ibrmations  of  limestone  above 
the  coal  strata,  and  new  red  sandstone,  or  what  the 
French  call  Gres  bigarre. 

Tramilion  Limestone.  —  This  is  one  of  the  most 
important  of  Uie  transition  rocks  :  its  mineral  charac- 
ters vary  considerably,  according  to  the  nature  of 
the  rocks  with  which  it  is  associated ;  it  has  generally 
a  subcrystalline  texture,  and  is  more  or  less  translu- 
cent on  tiie  edges.  From  the  degree  of  hardness 
which  it  poi^sesses,  it  will  take  a  good  polish:  most 
of  the  coloured  marbles  are  transition  limestone. 
The  prevailing  colour  is  bluish  grey,  but  it  is 
sometimes  red,  brown,  or  black :  the  lower  beds  of 


I  am  inclined  to  believe  that  the  red  sandstone  of  Monmouthshire 
lias  partly  been  formed  by  the  decomposition  of  an  ancient  basaltic 
formatioin,  which  has  become  intemiixed  with  greywacke. 
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this  limestone  are  often  beautifully  variegated,  veined, 
and  spotted.  It  may  be  stated  generally,  that  transition 
limestones  are  seldom  so  perfectly  crystalline  as  pri- 
mary limestones,  and  they  have  rarely  the  compact 
and  earthy  texture  of  secondary  limestones. 

Transition  limestone  occurs  in  beds  alternating 
with  slate,  greywacke,  greywacke-slate,  and  coarse 
gritstone.  Some  of  these  beds  are  of  considerable 
thickness,  and  form  mountain  masses.  The  lowest 
beds  alternate  with  slate ;  they  contain  few  organic 
remains.  The  variegated  limestone  of  Devonshire  is 
of  this  kind.  Sometimes  numerous  thin  strata  of 
slate  and  transition  limestone  alternate,  and  are  much 
bent  and  contorted.  A  very  remarkable  instance  of 
this  occurs  at  Drewsteignton,near  Moreton,  in  Devon- 
shire, where  a  series  of  thin  strata  of  dark  limestone 
alternate  with  strata  of  indurated  slate,  and  are  bent 
and  folded  in  various  directions.  Were  we  to  take 
a  number  of  alternating  sheets  of  black  and  brown 
paper,  and  fold  tiiem  nearly  round  a  wine  decanter, 
and  then  bend  them  back  over  the  lower  folds,  we 
should  have  a  not  unapt  representation  of  the  sin- 
gular  contortions  of  the  strata  in  this  place,  where 
they  are  exposed  to  view  by  extensive  quarries  cut 
in  the  rock. 

The  remarkable  contortions  of  the  beds  of  transi- 
tion limestone  and  slate,  imply  the  operation  of  a 
cause  that  could  not  oniv  bend  but  soften  the  strata; 
and  woiv  we  to  admit  tlwt  granite  has  once  been  in 
a  state  of  fusion,  and  been  protruded  through  the 
outer  crust  of  the  globe,  the  immediate  contiguity 
of  these  bonded  strata  to  the  granite  of  Dartmoor, 
might  indicate  the  agent  by  which  the  effects  were 
produced.  Near  Dudley,  in  Staffordshire,  we  have 
another  remarkable  instance  of  the  bending  of  beds 
of*  transition  limestone;  but  this  is  in  the  vicinity  of 
basaltic  rocks,  which  are  now  admitted  to  be  of 
igneous  origin. 

The    limestone   at    Wren's    Nest,    near    Dudley, 
consists  of  two  beds  — one  ten,  and  the  other  fourteen 
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Jrards  thick,  resting  upon  beds  of  soft  and  imperfect 
imestone  and  sliale,  called  wild  measures.  The  two 
beds  of  limestone  are  separated  by  similar  strata  of 
wild  measures  thirty-eight  yards  in  thickness;  they 
are  raised  up  together  in  a  position  approaching  to 
vertical,  and  are  folded  round  the  hill,  and  enclose  a 
space  of  about  fifly  acres,  with  a  double  wall  of  lime- 
stone rising  above  the  country,  like  an  oval  tower 
widening  at  the  lower  part. 

If  two  sheets  of  pasteboard  were  separated  by  a 
quire  of  blue  paper  and  laid  flat,  and  a  blunt  metallic 
rod  were  thrust  through  the  whole  from  beneath,  it 
would  force  the  lower  sheet  of  pasteboard  through 
the  upper  sheets,  and  represent  the  present  position 
of  the  strata  at  Wren's  Nest  Hill.  At  Dudley 
Castle  Hill,  about  a  mile  distant,  the  beds  of  lime- 
stone are  bent,  and  dip  on  eacli  side  of  the  hill. 
(See  a  section  of  this  hill,  Plate  IIL  fig.  4.) 

A,  Wren's  Nest  Hill ;  a  a^b  by  the  two  beds  of  lime- 
ttone  enfold  the  hill,  as  represented  in  the  small 
compartment  e,  above  the  section.  .The  dotted  line 
and  open  spaces  show  where  the  limestone  has  been 
quarried  away:  1,2,  arc  deep  galleries  over  each 
other,  along  which  the  limestone  is  also  quarried;  the 
lower  is  near  the  level  of  a  canal  which  |>enetrates 
the  hill  to  convey  the  limestone  away :  r,  represents 
the  outcrop  of  the  thirty  feet  bed  of  Staffordshire 
coal,  which  comes  to  the  surface  near  Wren's  Nest 
Hill ;  B,  represents  the  arrangement  of  the  limestone 
strata  at  Dudley  Castle  Hill,  similar  to  that  at  Wren's 
Nest  Hill ;  and  d,  a  hill  capped  with  rudely  columnar 
basalt  in  the  vicinity.  In  this  section  the  proportion 
of  distance  has  been  disregarded,  in  order  to  comprise 
the  different  objects  in  one  view:  the  distance  between 
Dudley  Castle  Hill  and  Wren's  Nest  Ilill,  is  about 
two  miles.  The  strata  at  Dudley  Castle  Hill  are 
what  is  called  saddle  shaped,  declining  on  each  side 
of  the  hill. 

The  transition  limestone  of  Dudley  is  not  covered 
by  any  beds  of  the   upper-transition   or   mountain 
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finK^tooey  bat  br  strata  about  seventj-six  yards  in 
total  thickness^  composed  of  imperfect  limestone  and 
sandstone,  which  separate  it  trom  the  lowest  coal 
measnres.  It  is  therelCTe  to  be  particularly  noticed, 
that  the  coal  strata,  which  in  most  of  the  coal  districts 
in  England  rest  upon  the  upper  transition  or  moun- 
tain limestone,  in  this  part  of  Stafibrdsliire  rest  upon 
the  lower  transtion  limestone.  The  remarkable  fossil, 
the  trilobite,  called  the  Dudley  fossil,  occurs  prin* 
cipally  if  not  entirely  in  a  stratum  under  the  first 
limestone.  There  are  shells  in  what  are  called  the 
wild  measures,  but  they  are  in  a  soft  and  decomposing 
state. 

The  lower  transition  limestone  in  En^and  and 
Wales,  is  not  a  very  extensive  formation:  it  skirts 
the  granite  of  Dartmoor,  and  part  of  the  Malvern 
Hills ;  it  extends  in  a  narrow  belt  from  Wenlock,  in 
Shropshire,  to  Caermarthen,  in  Wales,  and  is  generally 
accompanied  with  soft  greenish  schistose  strata,  called 
dye  earth,  which  contain  numerous  impressions  of 
shells.  A  few  patches  of  this  limestone  occur  in 
various  parts  of  the  slate  districts  in  Wales,  and  Cum- 
berland. This  part  of  the  transition  limestone  series 
is  chiefly  remarkable  for  its  organic  remains;  it  is 
rarely  metalliferous. 

The  upper  transition  or  mountain  limestone  is,  as 
I  have  before  stated,  the  limestone  to  which  the 
French  geologists  gave,  par  excellence^  the  name  of 
Calcaire  de  transition.  It  is  by  many  English  geolo- 
gists considered  as  a  distinct  formation  from  the 
lower,  or  what  they  call  the  true  transition  limestone; 
and  it  is  said  to  be  "  separated  from  it  by  the  im- 
portant formation  of  the  old  red  sandstone :"  but  the 
latter  is  only  a  variety  of  greywacke,  and  is  acknow- 
ledged, even  by  those  who  make  it  a  distinct  formation, 
to  graduate  into  greywacke,  and  to  possess  all  the 
general  characters  of  that  rock,  except  that  it  is 
coloured  red.  The  old  red  sandstone  contains,  in 
some  situations,  beds  of  imperfect  limestone,  which 
may  be  said  to  connect  the  lower  transition  and 
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mountain  limestones  in  one  formation,  together  with 
the  associated  beds  of  grey  wacke,  red  sandstone,  and 
gritstone. 

Mountain  limestone  is  one  of  the  most  important 
calcareous  rocks  in  England  and  Wales,  botti  from 
its  extent,  the  thickness  and  number  of  its  beds,  the 
quantity  and  variety  of  its  organic  remains,  and  its 
richness  in  metallic  ores,  particularly  of  lead.  In 
Derbyshire,  where  the  different  beefs  of  limestone 
have  been  pierced  through  by  the  miners,  the  average 
thickness  of  the  three  uppermost  is  about  l60  yards; 
the  beds  are  separated  by  beds  of  trap  or  basalt^ 
resembling  ancient  lavas.  The  lowest  limestone  has 
not  been  pierced  through.  In  the  northern  part  of 
Yorkshire,  and  in  Westmoreland  and  Cumberland^ 
the  beds  of  moimtain  limestone  alternate  with  beds 
of  greywacke-slate,  and  of  coarse  sandstone.  In 
North  Wales,  and  in  Somersetshire,  mountain  lime* 
stone  forms  entire  mountain  masses,  of  vast  thickness, 
distinctly  stratified ;  the  strata  oflen  varying  in  colour^ 
and  sometimes  in  the  nature  of  their  organic  remains. 

The  beds  of  mountain  limestone  in  England  and 
Wales  vary  much  in  colour  and  quality.  The  colour 
is  most  commonly  light  grey,  but  it  is  sometimes 
black  and  sometimes  a  reddish  brown,  or  is  variegated. 
The  limestone  is  generally  sufficiently  hard  to  receive 
a  high  polish,  and  forms  what  is  denominated  marble 
of  considerable  beauty.  The  texture  is  more  or  less 
crystalline.  —  The  prevailing  characteristic  organic 
fossils  are  encrinites  and  madrepores.  The  upper  beds 
of  mountain  limestone  in  Derbyshire  appear  to  be 
almost  entirely  composed  of  encrinites.  A  bed  of 
black  limestone  with  madrepores  occurs  in  West- 
moreland ;  it  is  more  rare  in  Derbyshire,  but  is  found 
in  the  lower  part  of  the  mountain  limestone  in  North 
Wales,  and  Shropshire,  and  also  in  Devonshire.  It 
takes  a  beautiful  polish,  and  is  much  used  for  chim- 
ney-pieces. The  black  colour  appears  to  be  derived 
from  bitumen,  for  it  is  injured  by  heat,  and  is  expelled 
entirely  by  burning.     Mountain  limestone  is  generally 
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a  nearly  pure  carbonate  of  lime ;  but  some  beds,  and 
even  entire  hilk  of  this  limestone,  contain  a  lai^ 
portion  of  magnesia,  like  the  dolomite  of  the  Alps. 
Tlie  mountain  magnesian  limestone  of  England  is 

EeneraUy  harder  than  the  common  limestone,  and 
as  frequently  a  reddish  brown  colour.  Bredon  Hill, 
in  Leicestershire,  and  Cloud's  Hill,  in  its  vicinity,  are 
entirely  composed  of  magnesian  limestone ;  there  are 
several  beds  of  similar  limestone  which  form  low  hills 
in  the  adjacent  country :  they  may  all  be  regarded  as 
an  extension  of  the  Derbyshire  mountain  limestone, 
ranging  southward  towards  Chamwood  Forest,  and 
terminating  at  Grace  Dieu,  where  the  limestone  is 
nearly  in  contact  ^^-ith  the  granitic  and  porphyiytic 
rocks.  I  say  these  may  be  regarded  as  an  extension 
of  the  Derbyshire  mountain  limestone,  though  the 
continuity  is  partly  concealed  by  a  covering  of  the 
red  marie,  and  bv  coal  measures:  the  limestone 
contains  the  same  characteristic  fossils  as  the  Derby- 
shire limestone,  particularly  encrinites  (screw  stones), 
and  the  euomphalus;  but  these  are  not  abundant. 
The  strata  of  Breedon  Hill  and  Cloud's  Hill  are 
much  exposed,  having  been  extensively  quarried  for 
lime  during  a  long  period ;  they  rise  southerly  from 
45^  to  60°.  When  I  x-isited  these  hills  in  1811,  I  was 
forcibly  struck  with  the  appearance  and  elevation  of 
the  strata,  and  I  was  disposed  to  attribute  their 
position  to  the  disturbing  force  which  had  elevated 
the  granitic  range  of  Charnwood ;  but  such  opinions 
were  at  that  time  much  discouraged  by  English 
geologists.  I  visited  these  quarries  again  in  1830, 
after  having  repeatedly  observed  similar  effects  pro- 
duced in  the  proximity  of  granite,  and  I  was  con- 
firmed in  my  former  views. 

The  theory  of  Von  Buch  respecting  the  conversion 
of  common  limestone  into  magnesian  limestone  by 
the  proximity  to  porphyry  (see  Chap.  XL),  may  be 
considered  as  deriving  some  support  from  the  near 
approach  of  this  magnesian  limestone  to  the  porphyry 
and  porphyritic  sienite  of  Charnwood.     I  shall  refer 
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to  the  subject  elsewhere.  The  reason  for  entering 
more  into  detail,  respecting  the  magnesian  limestone 
of  Breedon  and  Cloud's  Hill  than  may  appear  con- 
sistent with  an  introductory  work,  is,  tiiat  the  strata 
oi  the  latter  hill  present  an  anomalous  appearance, 
which  I  have  not  observed  elsewhere,  and  which  is 
connected  with  the  enquiry  respecting  the  character 
of  stratified  roclcs.  At  Cloud's  Hill,  the  face  of  the 
rock  which  is  worked,  rises  to  the  height  of  about 
300  feet  The  stratification  is  most  distinctly  marked 
by  regular  strata  seams,  or  partings,  which  show  the 
elevation  of  the  strata  to  be  about  G&.  In  the  midst 
of  these  strata  there  are  masses  in  which  all  traces  of 
stratification  are  obliterated ;  these  masses  are  not 
separated  by  any  partings  or  divisions  whatever  from 
the  strata  which  surround  them ;  the  masses  and 
strata  are  precisely  of  the  same  quality,  and  similar  in 
appearance.  The  masses  are  more  difficult  to  woHc 
because  they  have  no  regular  partings;  these  masses 
are  on  this  account  called,  by  the  quarrymen,  knob& 
The  annexed  cut  represents  one  of  these  masses  — 


a  a,  ilrata  of  limcstoDe ;  b,  an  unatratified  knob. 

Instances  of  unstratificd  beds  and  masses  of  one 
kind  of  rock,  interposed  between  regular  strata  of 
another  kind,  arc  not  uncommon  ;  and  in  the  midst  of 
primary  rocks,  divided  by  regular  cleavages,  parts 
may  frequently  be  seen,  in  which  the  cleavages  or 
divisions  are  obliterated  ;  but,  in  both  these  cases,  the 
solution  of  the  cause  of  this  obliteration  may  be 
found  in  igneous  fusion,  combined  with  refrigeration. 
If  the  unstratificd  masses  at  Cloud's  Hill  owe  thier 
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form  to  the  action  of  heat,  it  is  difHcult,  if  not 
impossible,  to  conceive  how  this  heat  could  have 
changed  internal,  portions  of  the  limestone,  without 
affecting  the  surrounding  strata.  In  Devonshire,  and 
elsewhere,  hills  of  mountain  limestone  may  be  seen, 
in  which  the  stratification  of  the  entire  mass  is 
obliterated  or  nearly  so ;  but  there  can  be  no  difficulty 
in  this  case,  —  indeed,  it  may  be  said  that  we  do  not 
know  that  the  limestone  was  ever  stratified,  though 
the  probabilities  are  greatly  in  favour  of  its  having 
been  so. 

Remarkable  sudden  changes  may  be  sometimes 
observed  in  the  quality  of  the  same  beds  of  mountain 
limestone.  At  Llanymynah,  in  Shropshire,  a  hill  com- 
posed of  this  limestone,  the  quality  of  the  limestone 
on  one  side  of  the  hill  is  considered  by  the  lime- 
burners  of  the  very  best  kind;  while,  at  a  little 
distance  the  same  strata  are  so  impure,  from  an 
intermixture  with  sand  and  clay,  that  they  cannot 
be  used  with  advantage :  but  what  is  more  remark- 
able, I  have  seen,  in  this  hill,  a  stratum  of  the  best 
limestone,  lying  regularly  between  other  strata,  sud- 
denly terminate,  and  a  whitish  calcareous  marie 
occupy  its  place,  and  preserving  the  same  de^ee 
of  thickness,  and  the  same  direction.  As  these 
strata  contain  marine  organic  remains,  and  were 
deposited  at  the  bottom  of  the  ocean,  we  may  sup- 

t)ose  that  a  submarine  current  had  prevented  the 
imestone  from  extending  further,  and  supplied  its 
place  by  a  deposition  of  clay,  before  the  stratum 
above  was  deposited.  In  the  former  case,  where 
the  strata  of  good  limestone  become  in  some  parts 
calcareous  and  impure,  we  may  suppose  that  8ub> 
marine  currents,  carrying  away  particles  of  sand, 
had  intermixed  them  with  the  calcareous  depositions 
in  one  part,  but  not  in  another.  Indeed,  this  sudden 
change  in  the  quality  of  the  limestone  is  so  common 
in  that  part  of  Wales,  that  the  workmen  have  given 
to  it  the  expressive  name  of  Balkstone.  When  I 
was  first  informed  of  the  balkstone,  and  saw  that  it 
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impeded  the  operations  of  the  quarrymen,  I  expected 
to  have  found  a  dyke  of  basalt,  and  was  surpnsed  to 
observe  a  mass  of  stratified  limestone,  of  an  impure 
quality,  cutting  through  the  best  limestone  lilce  a 
thick  wail,  and  left  standing,  tlie  good  limestone 
being  worked  away  on  each  side  of  it  This  wall  of 
limestone  was  of  a  darker  colour  than  the  rest;  it 
contained  the  remains  of  encrinites.  It  is  owing,  I 
conceive,  to  the  irregularities  in  the  deposition  of  the 
strata,  from  causes  attending  their  original  formation, 
tliat  soft  and  irregular  beds  or  masses  of  clay  occur 
in  mountain  limestone,  which  have  subsequently 
been  washed  out  by  subterranean  currents  of  water, 
and  formed  excavations  and  caverns  of  considerable 
magnitude.  Many  instances  might  be  cited  of  large 
streams,  and  even  rivers,  engulfed  in  mountain  lime- 
stone, and  rising  again  at  the  distance  of  several 
miles.  In  the  northern  counties  these  openings  are 
called  Swallow  Holes.  Mr.  Farey  has  enumerated 
twenty-eight  swallow  holes  in  the  mountain  lime- 
stone of  Derbyshire. 

It  is  in  the  lower  beds  of  mountain  limestone 
that  enormous  natural  caverns  frequently  occur: 
such  are  the  well-known  cavern  near  Castlcton,  and 
PoolVhole,  near  Buxton,  in  Derbyshire ;  and  Yordas 
Cave,  under  Whernside,  in  Craven.  Gordai  Scar  and 
Weathercote  Cave,  in  the  same  district,  cannot  pro- 
perly be  called  caverns,  as  they  are  open  to  the  day; 
but  the  latter  was  probably  once  a  caveni,  of  which 
the  roof  has  fallen  in.  In  all  these  caverns,  and 
others  that  I  have  observed  in  this  limestone,  there 
is  a  stream  of  running  water,  which  is  more  or  less 
copious  in  rainy  or  dry  seasons.  I  am  inclined  to 
believe  that  the  caverns  have  been  formed  by  the 
agency  of  water  percolating  through  natural  fissures, 
and  in  the  lapse  of  ages .  excavating  the  softer  or 
more  broken  parts  of  the  rock.  The  prodigious 
force  with  which  these  subterranean  streams  rush 
through  the  openings  of  some  of  these  caverns,  after 
continued  rains,  suggests  the  probability  of  this  mode 
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of  formation.  The  whole  of  that  enormous  mass  of 
limestone  in  Craven,  from  Ingleborough  and  Whern- 
side  to  Gordal,  is  intersected  by  perpendicular  fis- 
sures, which  are  narrow  at  the  top,  and  become 
wider  as  they  descend,  through  which  the  water 
may  be  heard  to  run  at  a  vast  depth  below.  These 
unseen  but  ever-active  streams  are  slowly  but  pro- 
gressively wearing  down  the  internal  parts  of  these 
calcareous  mountains,  and  depositing  them  in  the 
sea. 

The  mountain  limestone  of  Derbyshire  demands 
particular  attention  from  the  interesting  geological 
phenomena  which  it  presents;  though  it  has  beeii 
much  visited  and  frequently  described,  I  believe  the 
accounts  hitherto  given  have  been  in  some  respects 
erroneous.  I  revisited  the  country  round  Matlock 
soon  after  my  return  from  the  Continent,  and  was 
then  convinced  that  the  structure  of  the  calcareous 
mountains  had  been  mistaken,  but  the  state  of  my 
health  did  not  permit  me  to  pursue  the  enquiry. 
Since  the  publication  of  the  third  edition  of  this 
work,  I  have  again  examined  this  part  of  the  country 
carefully,  and  shall  briefly  state  the  result  of  my 
observations.  Mr.  VVhitehurst  has  the  merit  of  being 
the  first  observer  who  discovered  some  of  the  leading 
features  of  the  geology  of  this  district :  he  boldlv 
pronounced  that  the  beds  of  trap  and  amygdaloid^ 
provincially  called  Toadstone^  which  are  interposed 
in  the  limestone^  were  volcanic  lava,  or  at  least  had 
an  igneous  origin.  This  opinion  was  much  opposed 
at  the  time;  it  is  now  confirnned  by  such  a  weight 
of  evidence,  as  to  leave  little  doubt  respecting  its 
correctness,  (See  Chap.  IX.)  though  the  facts  and 
arguments  by  which  Mr.  Whitehurst's  views  were  then 
supported  were  in  some  respects  fallacious. 

Mr.  Farey,  who  followed  Mr.  Whitehurst,  adopted 
the  same  views  of  the  general  structure  of  the 
country,  though  his  opinions  respecting  the  form-- 
ation  of  the  toadstone  were  entirely  different ;  he 
considered  it  to  be  an  aqueous  deposition,  forming 
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regular  strata,  like  those  of  sandstone  in  the  coal 
measures. 

Mr.  Whitehurst  and  Mr.  Farey  describe  three  beds 
of  toadstone,  and  four  of  limestone,  in  a  descending 
series. 

1.  The  first  limestone  150  feet,  with  much  white 

chert. 

2.  The  first  toadstone  48  feet,  vesicular  and  amyg* 

daloidal. 

3.  The  second  limestone  150  feet,  contains  beds 

of  magnesian  limestone. 

4.  The  second  toadstone  128  feet,  more  compact 

than  the  first  toadstone. 

5.  The  third  limestone  180  feet,  c(H)tains  black 

madrepore  beds. 

6.  The  third  toadstone  66  feet,  uncertain. 

7.  The  fourth  limestone  not  pierced  through,  un* 

certain. 
This  may  be  an  approximation  to  the  thickness  of 
the  five  upper  beds  near  Matlock  Bath,  but  is  by  no 
means  an  accurate  statement  of  the  succession  and 
thickness  of  the  beds  in  other  parts  of  the  county. 
It  may  be  proper  to  remark  also,  tliat  the  Hmestone 
is  distinctly  stratified,  and  the  strata  of  limestone  are 
often  divided  by  strata  of  clay,  provinciaily  called 
way^boardSj  and  also  by  strata  or  rather  seams  of 
siliceous  stone  called  chert,  resembling  fiint,  but  less 
splintery  in  the  fracture,  and  fusible ;  which  latter 
property  is  doubtless  owing  to  an  admixture  of  caU 
careous  earth.  These  strata  of  chert  occur  most 
frequently  in  the  upper  limestones;  they  contain, 
like  the  limestones,  remains  of  shells  and  encrinites. 
As  loose  blocks  of  chert  with  encrinites  are  some- 
times ploughed  up  in  the  fields,  Mr.  Farey  supposed 
that  these  blocks  have  been  converted  from  limestone 
into  chert  by  some  unknown  process, — an  opinion 
for  which  there  is  not  the  slightest  foundation.  The 
chert  blocks  are  the  remains  of  hard  strata,  which 
have  resisted  decomposition  or  destruction,  in  the 
same  manner  as  nodules  of  flint  in  the  upper  chalk. 
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Laige  bi?alre  sbeDs  (producius)  are  found  both  in 
the  limestone  and  chert.  The  thick  beds  of  toad- 
stooe  that  divide  the  upper  from  the  lower  lime- 
stones, were  supposed  by  Mr.  Whitehurst  to  have 
been  protruded  between  them  in  a  state  of  fusicm : 
this  opinion  will  be  examined  subsequently.  Admit- 
ting its  truth,  it  would  suflSciently  account  for  the 
great  irregularity  in  the  thickness  and  succession  of 
these  beds,  which  is  known  to  prevail  throughout 

the  Peak  of  Derbyshire.     All  the  miners  that  I  have 

* 

examined  on  the  subject,  agree  that  the  warm  springs 
which  abound  in  the  \icinity  of  Matlock,  rise  from 
under  the  second  toadstone,  and  that  when  this  bed 
is  first  pierced  through,  the  water  has  often  a  higher 
temperature  than  the  Matlock  Bath  water,  but  its 
heat  is  reduced  by  admixture  with  cool  springs  in 
the  upper  beds. 

I  have  now  to  obserxe  that  the  descending  series 
of  limestone  and  toadstone  to  No.  5.,  or  the  third 
limestone,  may  all  be  found  in  the  vicinity  of  Mat- 
lock, and  many  other  parts  of  the  mining  district ; 
but  the  beds  of  toadstone  are  of  very  variable  and 
uncertain  thickness.  With  respect  to  the  third  toad- 
stone, its  occurrence  as  a  regular  bed  is  extremely 
doubtful.  In  some  situations  there  are  eruptions  of 
toadstone  inter\'ening  in  the  third  limestone,  which 
is  of  N-ast  thickness,  but  these  beds  of  toadstone 
are  generally  extremely  irregular :  where  they  occur, 
they  of  course  divide  the  third  limestone  into  two 
beds.  The  irregularity  of  these  beds  of  toadstone^ 
and  the  disturbance  of  the  regular  strata  which  they 
have  caused,  compelled  Mr.  Farey  to  call  them  chance 
bedSj  to  avoid  the  admission  of  their  igneous  origin. 
In  the  same  manner  he  explained  the  protrusion  of 
the  granitic  range  of  rocks  in  Charnwood  Forest ;  he 
described  them  as  chance  beds  in  the  red  marie ;  it 
was  surely  an  extraordinary  chance,  which  produced 
rocks  that  extend  under  every  other  rock  formation 
in  the  midland  counties  of  England.  There  are, 
however,  circumstances  attending  the  stratification  of 
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the  mountain  limestone  of  Derbyshire,  that  have  not 
been  noticed  by  any  of  the  authors  I  am  acquainted 
withy  who  have  described  this  country.  There  are 
evident  indications  of  an  upheaving  force  acting  on 
several  parts,  and  bending  the  strata  into  arches,  the 
segments  of  large  curves  as  represented  Plate  II. 
fig.  1.  and  fig.  6.  These  curves  are  sometimes  com- 
plete in  the  same  hill,  but  frequcntiy  their  continuity 
is  broken.  The  strata  of  Matlock  high  tor  have 
been  described  by  former  writers  as  plain,  and  when 
seen  in  face  of  the  rock  they  appear  to  be  nearly  so, 
but  they  are  in  reality  curved,  as  shown  Plate  I.  fig.  6. 
They  enfold  the  back  part  of  the  hill,  and  are  con- 
tinued into  the  opposite  hill,  Masson,  which  they  also 
enfold.  The  continuity  of  the  strata  is  broken  by 
the  vale  of  the  Derwen^  which  makes  their  true  form 
more  difficult  to  trace ;  but  the  arclied  stratification 
of  the  lower  part  of  the  same  beds  is  distinctly  dis- 
played westward,  and  may  be  seen  from  the  road 
near  Matlock  toll  bar,  where  a  section  is  made  by 
the  Derwent. 

A  very  remarkable  instance  of  the  arched  stratifica- 
tion, completely  formed  in  one  situation,  may  be  seen 
four  miles  east  of  Matlock,  in  the  isolated  mountain 
called  Crich  Cliff,  which  rises  about  900  feet  above  the 
Derwent.  The  strata  rise  all  round,  and  enfold  it, 
forming  nearly  spherical  segments,  as  represented  in 
the  annexed  cut.  This  section  through  the  hill  re- 
presents the  arrangement  of  the  beds  of  limestone 
which  dip  all  round  the  hill  ccc,  but  are  somewhat 
flattened  at  the  top;  the  shale  and  gritstone  sur- 
rounding the  lower  part  of  the  hill  are  represented  a  h. 
The  true  structure  of  the  hill  has  been  discovered  by 
recent  mining  operations;  several  valuable  metallic 
veins  have  been  explored  in  it,  and  a  gallery  has  been 
driven  into  it,  as  represented  in  the  figure  ^T  It  is 
obvious  that  this  arched  structure  can  only  be  formed 
by  protrusion,  whereas  the  elevation  or  inclination 
of  plane  strata  may  have  been  produced  by  subsi- 
dencci     Now,  when  we  consider  their  near  proximity 
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to  beds  of  loadstone  of  igneous  formation^  we  can 
have  little  difficulty  in  assigning  a  cause  for  this 
protrusion  ;  but,  fortunately,  we  are  not  here  obliged 
to  have  recourse  to  conjecture :  in  driving  the  gallery 
towards  the  centre  of  the  hill,  a  mass  of  toadstone 
was  met  with  {e  e),  which  was  not  cut  through  when 
I  visited  the  place  in  1830.  The  same  toadstone 
was  found  by  sinking  a  shaft  upon  it,  as  represented 
in  the  cut  at  s.  In  this  instance  we  have  the  effects 
of  protrusion,  and  the  cause,  displayed  in  tlie  same 
hilL  It  is  true,  the  black  compact  toadstone  had  not 
been  reached  in  1830,  but  a  great  mass  of  indurated 
green  earth,  which  always  accompanies  it,  and  is 
regarded  by  the  miners  as  toadstone,  and  is  called  by 
the  same  name,  had  been  penetrated  many  yards. 
It  was  so  hard  as  to  reouirc  blasting.  On  one  side 
of  this  hill  is  what  is  called  a  pipe  vein,  or  opening 
between  the  strata,  filled  with  metallic  ore.  This  is 
represented  in  the  cut  at  d ;  the  workings  in  this  vein 
have  been  continued  nearly  round  the  hilL  Near 
the  top  of  the  hill  there  are  quarries  worked,  which 
display  the  strata  rising  towards  the  summit  on  each 
side.  Having  shewn  that  the  mountain  limestone  of 
Derbyshire  assumes,  in  many  parts,  the  arched  stra- 
tification, it  may  easily  be  conceived  how  persons, 
not  aware  of  the  circumstance,  may  have  fallen  into 
great  mistakes  in  attempting  to  describe  the  succes- 
sion of  beds  along  a  certain  line ;  for  the  same  beds, 
if  arched,  may  rise  near  the  surface,  or  above  it, 
repeatedly,  in  the  same  country.    (See  Plate  I.  fig.  2.) 

Other  effects  of  the  proximity  of  trap  or  toadstone 
on  limestone  will  be  noticed  in  Chap.  IX. 

I  cannot  omit,  before  leaving  the  mountain  lime- 
stone of  Derbyshire,  to  cite  an  instance  of  the 
influence  which  erroneous  observations,  combined 
with  false  theories,  may  iiave  in  retarding  the  progress 
of  geology.  Some  years  since,  when  it  was  the  pre- 
vailing (lesire  of  many  English  geologists  to  make 
the  different  rocks  agree  witli  Werner's  arrangement, 
and   they  were   perplexed   how   to   dispose  of  the 
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mountain  limestone — whether  to  place  it  in  the  trans* 
ition  class,  or  what  were  called  the  floetz  rocks  (or 
flat  rocks),  in  which  class  were  included  the  upper 
secondary  strata  —  an  eminent  chemist  irom  the 
North  country,  who  affected  a  profound  knowledge  of 
geology,  went  into  Derbyshire  to  decide  the  question, 
and,  observing  the  strata  opposite  Matlock  Bath  to 
appear  horizontal,  he  published  an  oracular  opinion, 
that  the  limestone  of  Derbyshire  was  floetz ;  and  this 
opinion  continued  for  some  time  to  mislead  the 
followers  of  Werner  in  this  country.  Now,  had  this 
observer  taken  the  pains  to  obtain  a  true  section  of 
the  strata,  he  might  have  discovered,  that  instead 
of  being  flat,  they  were  inclined  at  an  angle  of  SO  or 
40  degrees.  (In  Plate  I.  %.  6.)  The  strata,  seen  in 
the  line  of  bearing,  do  appear  horizontal,  whereas 
the  section  in  the  line  of  dip  shows  their  true  eleva^ 
tion.  Nothing,  however,  can  be  more  puerile  than  to 
form  a  classification  of  rocks,  on  a  circumstance  so 
variable  as  the  position  of  the  beds ;  and  the  name 
floetz  is  now  banished  from  geology.  * 

The  upper  transition  or  mountain  limestone  in 
England  is  particularly  metalliferous ;  the  principal 
ores  are  those  of  lead  and  zinc ;  they  occur  com- 
monly in  veins.  Nearly  all  the  lead  obtained  from 
the  English  mines  is  found  in  the  mountain  limestone. 
Ores  of  copper  sometimes  occur  in  this  limestone. 

Many  of  the  fossil  organic  remains,  both  in  the 
upper  and  lower  transition  rocks,  are  of  genera  that 
are  not  found  in  the  secondary  limestones.  Some  of 
the  upper  beds  seem  almost  entirely  composed  of 
encrinites :  madrepores  and  corallites  occur  abund- 
antly in  the  middle  part  of  this  formation. 

Quartz  Rock. — Rocks  composed  entirely  of  cry- 

♦  We  are  not,  however,  free  from  the  effects  of  this  erroneous 
classification.  Some  English  geologists,  finding  that  the  diaracters 
of  mountain  limestone  agreed  with  that  of  transition  limestone, 
but  in  awe  of  the  decision  which  pronounced  it  to  be  floetz,  in- 
vented a  new  name,  Carboniferous  limestoney  which  is  singularly 
inappropriate. 
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stalline  grains  of  quartz,  sometimes  occur  among 
primary  and  transition  mountains.  Certain  causes 
appear  to  have  operated  locally,  and  separated  the 
quartz  and  felspar  of  granite  into  masses  of  consider- 
dble  size.  The  quartz  rock  in  the  county  of  Wicklow 
I  observed  to  be  formed  of  what  is  called  greasy 
quartz^  similar  to  that  in  numerous  veins  in  the  mica« 
slate,  near  its  junction  with  granite  in  the  adjacent 
mountains,  and  is  probably  contemporaneous  with 
the  veins.  According  to  Dr.  Mac  CuUoch,  the  quartz 
rock  in  many  parts  of  the  Highlands,  presents  evident 
indications  of  being  composed  of  fragments  and 
rounded  pieces  again  united,  and  is  in  fact  a  quartz- 
ose  greywacke  or  grit.  Part  of  the  Lickey  Hill, 
near  Bromsgrove,  is  composed  of  granular  quartz ; 
and  similar  beds  occur  near  the  village  of  Hartshill, 
in  Warwickshire,  between  Atherstone  and  Nuneaton. 
Quartz  rock,  !is  distinguished  from  quartzose  grit- 
stone, is  an  inconsiderable  formation,  and  may  with 
more  propriety  be  referred  to  the  Transition,  than  to 
the  Primary  Class. 

Jasper.  —  This  mineral  is  of  rare  occurrence  as  a 
constituent  part  of  beds,  or  of  mountain  masses; 
it  differs  little  from  a  siliceous  flinty  slate,  but  is 
generally  coloured  red,  brown,  or  yellow,  and  is 
opaque.  It  contains  a  large  portion  of  the  oxide  of 
iron  in  its  composition.  The  beds  of  shale  in  coal 
mines  that  have  taken  fire,  are  sometimes  converted 
into  a  substance  in  every  respect  resembling  jasper. 
There  are  beds  of  jasper  of  considerable  magnitude 
in  some  parts  of  the  Apennines,  covered  by  rocks  of 
serpentine.  In  some  situations,  beds  of  slaty  jasper 
alternate  with  slate,  to  which  rock  they  appear  to 
bear  the  same  relation  as  flinty  slate.  Lydian  stone, 
which  is  a  black  siliceous  flint-slate,  is  by  some 
geologists  called  black  Jasper.  The  only  bed  of 
jasper  that  I  have  seen  among  the  English  rocks, 
occurs  associated  with  beds  of  manganese  ore,  at 
Dodscombleigh  in  Devonshire.  Jasper  sometimes 
occurs  in  veins,  and  forms  nodules  in  basaltic  rocks. 
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There  can  be  little  doubt  that  jasper  has  been,  in 
many  instances,  formed  by  subterranean  heat»  acting 
with  great  intensity  on  beds  of  argillaceous  shale 
containing  iron. 

Hornblende  Rock  and  Greenstone.  —  Hornblende 
rock  has  been  described  as  associated  with  primary 
rocks,  it  also  occurs  in  the  lower  transition  rocks. 
Transition  hornblende  presents  no  variety  of  cha- 
racter, by  which  it  can  be  distinguished  from  Primary. 
Greenstone  composed  of  felspar  and  hornblende,  in 
which  the  felspar  is  white,  and  sienitic  greenstone, 
in  which  the  felspar  is  red,  sometimes  occur  in  beds 
among  transition  rocks,  particularly  of  slate.  But 
more  frequently  rocks  of  greenstone,  sometimes  called 
Trap,  occur  in  an  unconformable  position,  covering 
rocks  both  of  the  transition  and  secondary  class,  and 
will  be  described  in  the  chapter  on  Unconformable 
Rocks ;  after  the  description  of  the  coal  strata,  called 
by  the  miners  Coal  measures. 

Observations  on  Conformable  Transition  Rocks. 

The  order  of  succession  in  conformable  transition  rocks  is  ex- 
tremely variable,  and  the  thickness  of  the  same  beds  differs  greatly 
in  different  situations.  In  one  district  we  find  a  whole  uninter- 
rupted series  of  calcareous  strata,  forming  entire  mountains ;  and 
in  an  adjacent  district,  the  same  series  are  widely  separated  by  in- 
tervening beds  of  slate,  greywacke,  or  sandstone  ;  and  many  of  the 
strata  which  occur  in  one  place,  will  often  be  wanting  in  another. 
We  have  before  observed,  that  calcareous  transition  strata  are  sub- 
ject to  sudden  variations  of  quality  in  the  same  mountain :  we 
cannot  therefore  be  surprised,  that  in  distant  districts  a  great 
diversity  should  exist,  both  in  the  number  and  thickness  of  ad- 
careous  strata  of  the  same  formation  ;  no  single  stratum  can  be  re- 
garded as  an  universal  formation.  In  whatever  manner  the  strata 
were  deposited,  the  deposition  has  been  interrupted  by  causes  to 
us  unknown,  which  have  accumulated  thick  masses  in  one  situ- 
ation, and  prevented  their  formation  in  other  parts.  With  respect 
to  beds  composed  chiefly  of  the  fragments  of  older  rocks,  it  is 
evident  that  the  contiguity  to  rocks  which  were  most  easily  disin- 
tegrated, would  produce  thicker  beds  of  fragments  in  certain  situ- 
ations than  in  others,  and  that  their  formation  must  be  local. 

The  organic  remains  found  in  transition  rocks,  belong  almost  ex- 
clusively to  genera  no  longer  existing,  and  which  do  not  occur  ia 
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the  u[^>er  secondary  Btrata.  Vegetable  remains  are  rare  in  transi- 
tion rocks  ;  they  occur  sometimes  in  slate  rocks.  The  trilobite  is 
peculiar  to  transition  rocks ;  the  gigantic  spec^ps  occurs  in  slate, 
and  the  smaller  species  in  limestone.  The  orthoceratite  is  chiefly 
found  in  transition  limestone ;  univalve  shells  rarely  occur  in  it. 
The  prevailing  fossils  in  this  class  are  madrepores,  coral  ites,  and 
encrinites.  The  remains  of  vertebrated  animals  are  rarely,  if  ever, 
found  in  transition  rocks.  Many  instances  cited  by  foreign  geolo- 
gists of  vertebrated  animals  found  in  this  class  of  rocks  are  er- 
roneous ;  the  rocks  in  which  they  occur  belong  to  tlie  secondary 
strata ;  and  it  should  be  noticed,  tliat  some  English  condiologists 
have  described  fossil  remains  from  specimens  collected  in  particular 
counties,  without  knowing  precisely  their  true  localities,  or  whe- 
ther they  were  found  tit  situ  or  in  diluvial  deposits.  In  the  near 
vicinity  of  the  transition  limestone  in  Derbyshire,  I  have  collected 
graphites  and  numulites,  and  even  the  fossils  of  the  clialk  form- 
ation, but  they  had  no  relation  to  the  ancient  limestone ;  they 
were  found  in  beds  of  gravel. 

Conformable  transition  rocks  cover  the  primary,  and  sometimes 
alternate  with  them;  they  are  also  associated  with  tlie  lowest  beds 
of  the  coal  formation,  so  that  no  well  marked  division  can  be  traced 
between  them  :  but  there  is  one  character,  independent  of  all  ar- 
tiflcial  -arrangements,  which  serves  to  distinguish  transition  rocks 
from  the  upper  secondary  strata,  in  countries  where  the  regular 
coal  formation  is  found.  All  rocks  under  the  coal  formation,  belong 
either  to  the  transition  or  primary  class;  and  all  the  strata  above 
the  coal  formation  belong  cither  to  the  secondary  or  the  tertiary 
class.  The  geological  position  of  the  regular  coal  formation 
thus  serves  'as  a  simple  and  intelligible  key  to  the  geology  of  all 
countries,  wherever  it  occurs.  But  where  the  coal  strata  are 
absent,  the  difficulty  of  determining  the  class  to  which  certain 
rock  form<itions  belong,  is  often  very  great.  Of  this  we  have  a 
striking  instance  in  the  perplexed  attempts  of  foreign  geologists  to 
claasify  the  vast  calcareous-  formations  of  the  Jura,  and  the  outer 
range  of  the  Alps  ;  and  the  perplexity  is  further  increased,  by  the 
mistakes  which  are  made  in  referring  to  the  English  mountain  lime- 
stone, by  confounding  it  with  the  calcttire  alpin,  or  alpine  limestone. 
The  alpine  limestone,  according  to  some  geologists,  is  a  tran- 
sition limestone;  but  according  to  other  geologists  it  is  analogous 
to  the  magnesian  limestone  under  the  new  red  sandstone,  and  also 
comprises  the  lias  limestones  and  the  oolites.  Indeed,  I  am  con- 
vinced that  in  the  vicinity  of  the  Alps,  rocks  analogous  to  the  chalk 
formation  have  not  unfrequcntly  been  classed  with  transition  lime- 
stones. These  mistakes  have  arisen  from  a  desire  to  make  observ- 
ations agree  with  preconceived  theories,  and  with  the  artificial 
arrangements  which  Werner  had  invented.  Thus  it  was  taken  for 
granted,  that  the  granitic  mountains  of  the  Alps  being  primary,  the 
calcareous  mountains  must  he  primary  also  ;  and  when  organic  re- 
mains were  first  discovered  in  them,  the  geologists  in  France  were 
greatly  surprised,  and  seemed  unwilling  to  admit  the   fact:   at 
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yr  1  -painriL  jni  remeumi  cftrt.  tlicj  removed  all  these 
3iii«jjiCL3i»  zrtm.  72it  cnsffT  u  tke  transition  crlaas.  A  more 
Hierditfaa  ^iiccisr  Tvasiau  to  be  pertormed,  —  that  of  removing 
■acLT  :c  iueiMf  aumnrtTO  klI  h^[her.  to  the  upper  secondary  class. 
I^  :aie  T-cin.x^  ct  M-:«£;:5ic;«  zi  the  Tarcntaise,  vhere  AL  Brochant 
•icjuentii  jcnse  crgiaV"  nEsujiK  supposed  to  beloi^  to  transi- 
r:ckj^  I  .Ziiojvcnhs  cbe  Pk^us  and  other  fossils,  peculiar  to 
f  ^c^?  sectzcoKx  ssa£s. 

Iz.  pirt»  cc  Frsbce  ^  a  «5iaBce  cim  the  Alps  and  the  Jura,  the 
rL.  cCiiractA-  cf  s^  seoaodsT  strata  might  alone  serve  to 
zzitai  vid:  tbe  F/^fah  ii»^  oolites,  and  dialk  ;  but 
JK  t^«  rac«  oc  the  Jva  and  the  outer  ranges  of  the  Alps,  the 
caicinwQ^  xrassraoBEf  are  cc  soch  iiMPUfce  magnitude,  and  the  beds 
ar«  ocxe^  so  ^^^7  scdsrated  and  crrstalliner  that  it  is  only  from 
tbtsT  ncditiTe  pcKKtiioa  and  xmbcddid  tbttik,  that  we  can  trace  their 
acMZT  to  the  F.rigfeh  strata,  or  to  the  secondary  strata  in  the 
north  of  France. 
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CHAP.  VIII. 

ON  THE  LOWER  OR  GREAT  COAL  FORMATION. 

The  Geological  Position  and  Structure  of  Coal  Districts,  called 
Coal-Fields.  —  Dislocation  and  Disturbances  of  Coal  Strata  by 
Faults  and  Dykes. —  Mineral  Coal,  Anthracite,  Plumbago,  VVood- 
Coal  or  Lignite. — Iron-Stone  accompanying  Coal  Strata. — 
On  Carbon  as  an  original  Constituent  Part  of  the  Globe.  —  On 
the  Origin  of  Coal  Strata,  and  their  Deposition  in  Fresh-Water 
Lakes  or  Marshes.  —  Numerous  Repetitions  of  the  same  Series  of 
Beds  in  the  same  Coal-Field. —  Precautions  necessary  in  the  Esta- 
blishment of  Iron  Furnaces On  the  Mode  of  searching  for 

Coal.  —  Hints  to  landed  Proprietors  on  the  IVobability  of  find- 
ing Coal  in  Districts  where  it  has  not  yet  been  discovered.  — 
On  the  Formation  of  Coal-Beds  in  Fresh-Water  Lakes.  —  On 
the  Conversion  of  Vegetable  Matter  into  Coal.  —  Imperfect  Coal 
Formations.  —  Salt  Springs  in  Coal  Strata.  —  Coal  Mines  in 
France  and  North  America.  —  Observations  on  the  Consumption 
of  Coal  in  England,  and  the  Period  when  the  Coal- Beds  will  be 
exhausted. 

In  the  transition  rocks  covering  the  primary,  described 
in  the  preceding  chapter,  we  very  rarely,  indeed, 
discover  any  remains  of  vegetables,  either  terrestrial 
or  marine.  Carbon,  which  is  the  principal  consti- 
tuent element  of  all  plants,  is  seldom  found  as  a  mi- 
neral substance  in  these  rocks ;  for,  with  a  very  few 
exceptions,  all  the  vestiges  of  organic  forms  which 
they  contain,  are  of  marine  animals.  Hence  we  are 
led  to  infer,  that  there  were  but  few  islands,  or  tracts 
of  dry  land,  rising  above  the  ancient  ocean,  in  which 
these  marine  calcareous  beds  were  formed  or  de- 
posited. The  attention  of  the  geological  student  is 
now  required  to  contemplate  a  most  important  and 
extensive  change  in  the  condition  of  the  globe,  —  at 
least,  of  that  part  of  it  which  forms  the  subject  of 
the  present  chapter.  Over  the  marine  rock  form- 
ations before  described,  we  find  a  series  of  strata,  two 
thousand  feet  or  more  in  aggregate  depth,  in  which 
remains  of  marine  animals  are  extremely  rare,  but 
which   contain,    almost  exclusively,   the  remains  of 
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terrestrial  phnts,  or  such  as  have  grown  either  on 
dry  \ind  or  in  marches.  Carbon,  in  the  form  of  coal, 
cori>t::u:e5  also  numerous  beds  in  the  series,  varying 
in  thickr.css  irozn  a  ie»v  inches  to  thirty  feet  or  more, 
and  akeraatinir  ^rith  beds  of  sandstone,  indurated 
ciav.  3rJ  shale  or  schistose  clav.  The  remains  of 
ve^etrLb!js  are  distributed  in  greater  or  lesser  abund- 
ance  throUiihout  the  whole  series,  which,  taken 
tc^ctiier,  are  called  by  miners,  in  the  north,  coal- 
mta.<ures.  The  coal  strata  were,  doubtless,  deposited 
ill  the  \-:cir!:ty  or  extensive  tracts  of  dry  land,  contain- 
iuvT  rivers,  marshes,  tresh- water  lakes,  and  mountains: 
the  marine  beds  which  are  the  foundation  of  the 
series  of  coal  strata,  and  also  surround  them,  must, 
therefore,  have  been  raised  from  the  bottom  of  the 
ancient  deep,  before  the  vast  accumulation  of  vege- 
table matter  could  be  formed.  To  whatever  cause  we 
attribute  this  change  in  the  condition  of  the  globe,  it 
appears  to  have  been  attended  with  another  remark- 
able eifect:  at\er  this  period,  metallic  veins  have 
been  rarely  formed,  for  they  seldom  rise  into  the 
coal  strata.  The  vesretable  remains  that  are  in  the 
coal  strata,  appear  principally  to  belong  to  plants 
that  abound  chiefly  in  tropical  climates,  as  will  be 
subsequently  noticed.  In  no  country  have  coal- 
measures  been  more  extensivelv  worked  than  in 
England,  or  the  relations  of  the  strata  to  the  rocks 
above  or  below  them  been  more  fullv  examined. 

Every  coal  district  has  its  peculiar  series  of  strata, 
unconnected  with  any  other :  there  is  a  general  re- 
semblance in  the  nature  of  the  different  beds  in  each. 
A  district,  with  its  peculiar  series  of  strata,  is  called  a 
coal-jfield.  The  foundation  rock  on  which  the  coal- 
fields of  Derbyshire,  Northumberland,  Durham, 
Shropshire,  and  North  and  South  Wales  immediately 
rest,  is  the  mountain  and  transition  limestone,  de- 
scribed in  Chapter  VII.  In  Nottinghamshire,  York- 
shire, and  Lancashire,  the  foundation  rock  has  not 

en  sunk  to,  nor  does  it  rise  to  the  surface ;  but  we 
every  reason  to  believe,  that  it  is  formed  by  a 
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continuation  of  the  same  limestone,  though  this  is 
by  no  means  essential  to  a  coal-field.  In  some  parts 
of  France,  I  have  observed  the  coal  strata  resting 
upon  granite  ;  being  only  separated  from  it  by  a  thicK 
bed  of  conglomerate.  A  general  view  of  the  ar- 
rangement of  the  Derbyshire  coal-field  may.  be  taken 
as  affording  a  type  of  the  whole  English  coal-fields, 
with  certain  exceptions,  which  will  be  noticed. 

The  thick  beds  of  mountain  limestone  (see  Chap. 
VII.),  which  form  entire  mountains,  decline  in  height 
towards  the  eastern  side  of  the  county,  and  are 
covered  by  the  coal  measures.  The  lowest  bed  of 
these  measures,  or,  to  speak  more  correctly,  the  bed 
which  separates  the  coal-measures  from  the  lime- 
stone,  partakes  of  a  mixed  character,  varying  from 
soft  argillaceous  shale  to  hard  sandstone  ;  the  pre- 
vailing colour  is  a  dark  reddish  or  blackish  brown. 
This  bed  has  been  called  limestonC'Shale :  its  total 
thickness  varies  from  five  to  six  hundred  feet,  but  in 
some  situations  is  much  less. 

The  harder  strata  of  which  this  great  bed  is  com- 
posed, are  separated  by  soft  beds  that  easily  disinte- 
Srate  and  fall  down ;  they  form  the  exposed  face  of 
f  am  Tor,  or  the  shivering  mountain,  near  Castleton. 
The  peculiar  circumstance  which  renders  this  bed 
remarkable  is,  that  though  it  contains  chiefly  vege- 
table remains,  it  contains  also  occasional  patches  or 
limited  strata  of  dark  bituminous  limestone,  with 
beds  and  nodules  of  ironstone,  and  thin  seams  of 
coal,  which,  however  interesting  they  may  be  to  the 
geological  enquirer,  are  too  inconsiderable  to  be 
worked.  The  next  large  bed,  which  is  in  some  situ- 
ations from  three  to  four  hundred  feet  in  thickness, 
is  chiefly  composed  of  strata  of  hard  silicious  sand- 
stone, which  is  in  some  places  coarse,  containing 
angular  fragments  of  quartz  ;  in  other  parts  it  is  a 
fine  grained  and  very  durable  stone.  Some  of  tiie 
strata  of  this  bed  were  formerly  worked  for  mill- 
stones ;  from  which  circumstance  it  received  the  name 
of  Millstone  Grit      It  contains,  as  far  as  I  have 
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examined,  the  remains  of  vegetables  exclusively,  but 
no  beds  of  workable  coal  occur  in  it.  Where  the 
strata  crop  or  basset  out,  this  rock  forms  abrupt 
and  picturesque  cliffs.  Above  the  grit,  are  laid  the 
regular  series  of  coal-measures  or  strata,  comprising 
sandstone  of  various  qualities,  indurated  clay  called 
clunchf  ironstone,  softer  argillaceous  beds  called  bind^ 
and  schistose  argillaceous  beds,  called  shale.  There 
are  also  two  argillaceous  strata  containing  numerous 
shells  allied  to  fresh-water  muscles,  and  hence  called 
M  uscle-bind. 

A  gentleman  extensively  engaged  in  the  working 
of  coal  mines  in  this  district,  had  an  approximate 
measure  taken  of  the  thickness  of  the  different  beds, 
which  he  sent  me,  and  was  published  in  the  first  edition 
of  this  work  ;  from  which  "  it  appears,  that  the  total 
depth  taken  on  the  level  line  of  the  measure  of  the 
whole  Derbyshire  strata,  including  part  of  Notting- 
hamshire, is  thirteen  hundred  and  ten  yards,  in  which 
are  thirty  different  beds  of  coal,  varying  in  thickness 
from  six  inches  to  eleven  feet,  making  the  total 
thickness  of  coal  twenty-six  yards:  of  course  the 
above  estimate  can  be  only  regarded  as  an  approxi- 
mation to  truth,  since  the  thickness  of  the  strata  was 
taken  upon  a  level  line,  and  not  perpendicular  tp  the 
line  of  their  inclination  or  dip."  Making  an  allowance 
for  excess  in  the  above  measurement,  the  true  thick- 
ness of  the  strata  may  fairly  be  estimated  at  about 
two  thousand  five  hundred  feet. 

What  is  particularly  deserving  of  notice  in  the  bed 
of  limestone-shale  before  mentioned,  below  the  coal- 
measures,  and  above  the  mountain  limestone,  is,  that 
this  bed  presents  a  transition  from  marine  calcareous 
strata  with  animal  remains,  to  fresh-water  strata 
with  terrestrial  vegetables:  as  both  occur  in  different 
parts  of  the  bed,  it  would  imply,  that  the  subjacent 
limestone  had  been  gradually  but  unequally  raised 
above  the  sea,  and  during  its  elevation  some  parts 
remained  immersed  in  the  ocean,  while  other  parts 
were   covered  with  vegetable   depositions.     In   the 
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western  side  of  Durham  and  Northumberland,  the 
alternations  of  coal  of  inferior  quality,  with  beds 
of  mountain  limestone,  are  more  distinct,  and  the 
transition  from  marine  to  fresh-water  formations  on 
a  larger  scale :  both  prove  that  the  elevation  of  the 
beds  above  the  sea  was  effected  by  the  operation 
of  an  elevating  force  acting  slowly,  or  at  distant 
intervals, — a  subject  which  it  is  proposed  to  advert 
to  in  another  part  of  the  volume. 

Coal-fields,  as  before  stated,  are  of  limited  extent, 
and  the  strata  frequently  dip  to  a  common  centre, 
being  often  arranged  in  basin-shaped  concavities, 
which  appear  to  have  been  originally  detached  lakes, 
that  were  gradually  filled  by  repeated  depositions  of 
carbonaceous  and  mineral  matter.  In  some  of  the 
larger  coal-fields,  the  original  form  of  the  lake 
cannot  be  traced,  but  in  the  smaller  ones  it  is 
distinctly  preserved. 

The  different  strata  under  a  bed  of  coal  are  fre- 
quently similar  to  the  strata  over  it ;  and  the  same 
series  is  again  repeated,  in  some  mines  several  times, 
under  different  beds  of  coal,  with  a  perfect  simi- 
larity both  in  the  succession  and  thickness  of  each. 
In  some  instances,  a  single  bed  of  stone  of  vast  thick- 
ness separates  two  beds  of  coal.  In  other  instances, 
only  a  very  thin  stratum  of  shale  or  clay  lies  between 
coal  beds. 

Though  numerous  beds  or  seams  of  coal  occur  in 
one  coal-field,  very  rarely  more  than  three  of  these 
are  worked.  The  thickness  of  the  coal  strata  in  the 
same  coal-field  often  varies  from  a  few  inches  to 
several  yards ;  but  each  stratum  generally  preserves 
nearly  the  same  thickness  throughout  its  wholj  ex- 
tent. Instances  to  the  contrary  sometimes  occur, 
in  which  the  same  bed  will  become  narrower  or 
wider,  and  sometimes  be  divided  by  a  stratum  of 
incombustible  earthy  matter,  in  different  parts  of 
its  course.  Few  beds  of  coal  are  worked  at  a  great 
depth,  which  are  less  than  two  feet  in  thickncNS. 
The   stratum   lying   over  a  bed   of  coal   is   called 
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its  roof,  and  the  stratum  under  it  the  floor.  The 
facility  of  getting  coal  depends  very  much  on  the 
compactness  of  the  stone  which  forms  the  roof,  not 
only  on  account  of  the  security  from  falling,  but  for 
keeping  out  the  upper  water,  and  preserving  the  pit 
in  a  dry  state.  The  great  expense  incurred  in  sup- 
porting the  roof  when  it  is  loose,  frequently  prevents 
a  valuable  bed  of  coal  from  being  worked,  or  absorbs 
all  the  profit.  In  some  situations,  the  roof  is  indu- 
rated clay,  impregnated  with  bitumen  and  pyrites. 
When  this  falls  down,  and  is  intermixed  with  water 
and  small  coal  at  the  bottom,  it  takes  fire  spontane- 
ously; on  which  account  the  miners  close  up  the 
space  with  common  clay,  where  the  coal  has  been 
worked,  to  prevent  the  access  of  air  to  the  com- 
bustible matter.  This  kind  of  combustible  clay  is 
called  tOiC ;  it  is  common  in  the  Ashbv-de-la-Zouch 
coal-field,  and  in  Staffordshire.  The  floor  or  stratum 
on  which  the  coal  lies,  consists  of  clay  in  various 
degrees  of  induration,  and  is  almost  always  of  that 
kind  which  will  resist  the  action  of  fire,  called  fire- 
clay, suited  for  funiace  bricks  and  crucibles. 

It  has  been  before  obserxed  that  coal  strata  are 
frequently  bent  in  concavities,  resembling  a  trough 
or  basin,  dipping  down  on  one  side  of  the  field  and 
rising  on  the  other.  In  Plate  IV.  fig.  a.  the  section 
of  a  coal-field  is  represented,  in  which  the  coal  strata 
c  c  c,  D  D  are  inclined  in  this  manner,  but  partially 
dislocated  by  a  fracture  or  fault  at  f.  The  extremi- 
ties of  the  lowest  stratum,  c  c,  are  several  miles  distant 
in  some  coal-fields,  in  others  not  more  tliaii  one  mile. 

In  the  great  coal-field  in  South  Wales,  which 
is  rather  a  long  trough  than  a  basin,  the  strata  are 
arranged  in  this  manner  over  an  extent  of  nearly 
a  hundred  miles  in  length,  and  a  variable  breadth  of 
from  five  to  twenty  miles.  It  is  partly  broken  into 
by  Caermarthen  Bay,  but  it  forms  an  extent  of 
Aurface  exceeding  twelve  hundred  square  miles.  It 
*  s  twenty-three  beds  of  workable  coal,  which 
hy  Mx»  Martin  to  make  together  ninety-five 
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feet  in  thickness  of  this  valuable  mineral ;  this  will 
yield  sixty-four  million  tons  of  coal  per  square  mile. 
The  thickest  bed  of  coal  is  nine  feet;  in  some  parts 
there  are  sixteen  seams  of  ironstone.  The  strata  of 
this  vast  coal-field  are  deeply  cut  through  by  valleys, 
and  are  much  broken  by  faults,  and  the  quality 
of  the  coal  varies  greatly  in  different  parts  of  the 
field. 

At  the  Clee  Hills  in  Shropshire,  the  breadth  of 
some  of  the  coal-fields  is  not  a  mile.  At  Ashby 
Wolds  in  Leicestershire,  in  the  central  part  of  the 
field  at  e,  Plate  IV.  fig.  2.,  the  main  bed  of  coal  is 
worked  at  the  depth  of  two  hundred  and  forty 
yards ;  but  by  the  bending  and  rise  of  the  strata, 
the  same  bed  comes  to  the  surface  at  6,  about  three 
miles  distant.  The  depth  of  coal  strata,  from  the 
inclination  or  bending  of  the  strata,  differs  much 
in  the  same  district,  as  will  be  evident  from  what 
has  been  stated,  and  from  an  inspection  of  the  last- 
mentioned  figure.  Some  coal-fields  extend  in  a  wav- 
ing form  over  a  district. 

On  the  eastern  side  of  England,  the  strata  gene- 
rally decline,  or,  in  the  miner's  language,  dip,  to  the 
south-east  point:  on  the  western  side  the  strata 
are  more  frequently  thrown  into  different  and  oppo- 
site directions,  by  what  are  called  faults  and  dykes. 

A  fault  is  a  break  or  intersection  of  strata,  by 
which  they  are  commonly  raised  or  thrown  down; 
so  that,  in  working  a  bed  of  coal,  the  men  come 
suddenly  to  its  apparent  termination.  A  dyke  is 
a  wall  of  mineral  matter,  cutting  through  the  strata 
in  a  position  nearly  vertical.  (See  Plate  IV.  fig.  2. 
and  3.)  The  name  dyke  is  originally  derived  from 
our  Northern  neicchbours :  it  si^jnifies  a  wall.  The 
thickness  of  dykes  varies  from  a  few  inches  to 
twenty  or  thirty  feet,  and  even  yards.  The  dykes 
which  intersect  coal  strata  are  composed  of  indu- 
rated clay,  or  more  frequently  of  basalt,  and  will  be 
particularly  described  in  the  following  chapter.  In 
some  coal-fields  the  strata  are  raised  or  thrown  down 
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on  one  side  of  a  dyke  one  hundred  and  fifty  yards  or 
more ;  and  the  miner,  after  penetrating  through  it 
(see  Plate  IV.  fig,  3.),  instead  of  finding  the  same 
coal  again,  meets  with  beds  of  stone  or  clay  on  the 
other  side  at  e  :  hence  he  is  frequently  at  a  loss  how 
to  proceed  in  searching  for  the  coal  which  is  thus 
cut  off.  If  the  stratum  of  stone  e  be  the  same  as 
any  of  the  strata  which  were  sunk  through  in  making 
the  pit  or  shaft  g  gy  it  proves  that  the  bed  of  coal  on 
the  other  side  of  the  fault  is  thrown  down,  and  he  can 
determine  the  exact  distance  between  that  stratum, 
and  the  coal  he  is  in  search  of.  But  if  the  stone  is 
of  a  different  kind  to  any  which  was  above  the  coal 
he  is  working,  he  may  be  certain  that  the  strata  on 
the  other  side  of  the  fault  are  thrown  up,  but  to 
what  distance  can  only  be  ascertained  by  trial,  if 
the  under  strata  have  not  been  previously  perforated. 
It  frequently  happens,  however,  that  two  or  more 
strata  of  stone  or  shale,  at  different  depths,  are  so 
similar  in  their  quality  and  appearance,  that  it  is 
impossible  to  distinguish  them :  in  such  cases  it  is 
necessary  to  perforate  the  stratum,  to  ascertain  its 
thickness,  and  examine  the  quality  of  the  strata  above 
or  below  it,  by  which  its  identity  with  any  known 
stratum  may  generally  be  ascertained.  The  manner 
in  which  the  strata  are  inclined  towards  the  fault, 
will  also  determine  whether  they  are  thrown  up 
or  down,  provided  they  are  not  shattered  where 
they  come  in  contact  with  it,  which  is  frequently 
the  case.*  Each  bed  of  coal  in  a  coal-field  has 
certain  characters  by  which  it  may  generally  be 
known  to  be  the  same.  Its  thickness,  and  the 
quality  of  the  roof  and  floor,  with  that  of  the 
upper  and  under  strata,  generally  serve  to  identify 
it^  though  it  may  be  much  deeper  in  one  place 
than  another. 


*  If  the  dyke  make  an  acute  angle  with  the  upper  surface  of  the 
strata,  they  are  thrown  up  on  that  side ;  but  if  it  make  an  obtuse 
angle,  they  are  thrown  down.  See  Plate  IV.  fig.  2.  d  ;  and  fig.  S.  d* 
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The  dykes  which  intersect  coal  strata  are  gene- 
rally impervious  to  water;  and  it  not  unfrequently 
happens,  that  where  the  strata  decline  to  them,  they 
hold  up  the  water,  and  occasion  springs  at  the  sur- 
face, or  keep  the  coal  works  on  that  side  of  the 
fault  under  water,  when  the  coal  works  on  the  other 
side  are  dry.  This  will  be  better  understood  by 
referring  to  Plate  IV .  fig.  2.  and  3.,  where  the  coal 
strata  on  the  right  hand  decline  or  dip  to  the  fault 
or  dyke;  and  the  water  which  passes  through  or 
between  the  strata  will  be  stopped  at  the  faults  and 
dammed  up ;  in  which  case  the  coal  beds  to  the  right 
of  the  dyke  will  be  under  water,  and  those  on  the 
other  side  dry.  Now,  should  a  perforation  be  in- 
cautiously made  through  the  dyke,  all  the  water  will 
be  thrown  upon  the  works  on  the  lefl,  that  were 
before  dry.  Where  the  coal  on  each  side  of  a  fault 
belongs  to  different  proprietors,  a  few  strokes  with  a 
pickaxe  may  thus  do  incalculable  mischief  to  those 
on  the  one  side,  and  render  great  service  to  the 
other,  by  laying  their  pits  dry. 

The  deepest  coal  mines  in  England  are  those  in 
Northumberland  and  in  the  county  of  Durham, 
some  of  which  are  worked  nearly  three  hundred 
yards  below  the  surface.  The  thickest  bed  of  En- 
glish  coal  of  any  considerable  extent  is  the  main 
coal  in  Staffordshire,  which  is  thirty  feet.  The 
upper,  lower,  and  middle  parts  of  the  bed  differ  in 
quality.  Mr.  Keir,  who  has  written  an  interesting 
account  of  the  nuneralogy  of  the  south  of  Stafford- 
shire,  says  that  thirteen  different  kinds  of  coal  occur 
over  each  other  in  this  bed;  the  uppermost,  which 
is  compact,  serves  as  a  roof  in  getting  the  under 
coal.  At  the  Wood  Mill-hill  colliery  in  this  county, 
the  coal  is  said  to  be  forty-five  feet  thick  ;  and  three 
beds  of  coal,  from  three  to  four  feet  in  thickness, 
have  been  found  under  it,  since  Mr.  Keir's  account 
was  published.  The  first  is  only  two  yards  under 
the  thick  coal.  The  main  bed  of  coal  in  the  Ashby- 
de-la-Zouch    coal-field   is   thiiteen   feet   thick ;    the 
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upper  and  lower  seams  of  this  bed  also  vary  in 
quality ;  and  the  top  serves  as  the  roof,  being  more 
compact  than  the  stratum  over  the  coal.  Few  beds 
of  coal  in  other  parts  of  England  or  in  Wales  ex- 
ceed from  six  to  nine  feet  in  thickness ;  but  a  diflfer- 
ence  in  the  quality  may  generally  be  observed  in  the 
upper,  lower,  and  middle  parts  of  the  same  bed. 

A  curious  fact  is  stated  by  Mr.  Keir  respecting 
the  main  coal  of  Staffordshire.  In  one  situation 
the  upper  part  of  the  bed  separates  from  the  lower, 
and  rises  to  the  surface,  or  crops  out.  It  is  at  first 
divided  by  indurated  clay  called  bind  or  clunch ;  but 
as  the  distance  becomes  wider,  the  intervening  stone 
grows  harder,  and  will  strike  fire  with  fiint  Similar 
separations  take  place  sometimes  in  the  beds  of  coal 
in  the  mines  of  Northumberland  and  Durham.  The 
largest  known  bed  of  coal  in  the  west  riding  of 
Yorkshire  is  near  Barnsley:  it  is  ten  feet  thick, 
and  is  supposed  to  be  formed  by  the  meeting  of 
two  or  more  seams,  which  soon  separate  again. 
The  miners  have  not  been  able  to  trace  the  same 
bed  in  situations  where  it  might  have  been  found, 
had  it  preserved  the  same  thickness,  in  other  parts  of 
its  course. 

Coal  strata,  beside  the  more  common  dislocations 
by  faults,  present  remarkable  contortions,  which  it 
would  be  difficult  to  explain,  except  by  admitting  a 
lateral  force,  which  has  compressed  them  into  a  zig- 
zag form.  To  the  same  cause,  or  perhaps  to  a 
partial  sinking  of  the  earth,  we  may  attribute  the 
origin  of  what  is  called  faulty  ground^  which  fre- 
quently occurs  in  coal-fields.  In  this,  no  actual 
dyke  appears  to  have  been  formed ;  but  the  beds  of 
coal,  with  all  the  accompanying  strata,  are  so  broken 
and  shattered,  that  no  workings  can  be  carried  on, 
till  the  miner  has  got  through  them  into  regular 
strata.  These  broken  parts  of  the  strata,  called 
troubles  and  faulty  ground^  occasion  much  more 
difficulty  to  the  miner  than  common  faults  or  dykes, 
and  are  sometimes  of  great  extent. 
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In  some  coal-fields  one  part  of  a  stratum  is  in- 
clined, and  the  other  part  vertical.  A  curious  fact 
of  this  kind  may  be  seen  in  a  small  coal-field  near 
the  town  of  Manchester.* 

The  position  of  coal  strata  in  many  coal-fields 
may  be  represented  by  a  series  of  fresh-water  muscle 
shells,  decreasing  in  size,  laid  within  each  other,  but 
separated  by  a  thin  paste  of  clay.  If  one  side  of  the 
shell  be  raised,  it  will  represent  the  general  rise  of 
the  strata  in  that  direction  ;  and  if  the  whole  series 
be  dislocated  by  partial  cracks,  raising  one  part  a 
little  and  depressing  the  other,  to  represent  faults  in 
the  coal,  it  will  give  a  better  idea  of  the  coal-field 
than  any  description  can  convey.  We  are  here  to 
suppose  that  each  shell  represents  a  stratum  of  coal, 
and  the  partitions  of  clay  the  earthy  strata  by  which 
they  are  separated.  The  outer  shell  represents  the 
lowest  bed  of  coal,  which  may  be  many  miles  in  ex- 
tent Now,  if  a  much  larger  shell  be  filled  with  sand, 
and  the  lowest  shell  be  pressed  into  it,  we  may  con- 
sider the  large  shell  to  represent  limestone,  and  the 
sand  gritstone  ;  we  shall  then  have  a  model  of  the  coal 
strata  in  many  parts  of  England,  and  their  situation 
over  the  metalliferous  lime,  with  the  beds  of  sand- 
stone by  which  they  are  separated  from  it. 

From  the  inclination  or  bending  of  coal  strata,  they 
always  rise  near  to  the  surface  in  some  parts  of  their 
course,  and  would  be  visible  if  not  covered  by  soil  or 
gravel.  In  the  intersections  formed  by  rivulets,  or 
by  accidental  fractures  on  the  sides  of  hills  in  a  dis- 
trict, the  nature  of  the  strata  may  oflen  be  deter- 
mined,  and  should  be  ascertained  before  any  expense 
be  incurred  in  boring  or  sinking  for  coal.  When  this 
is  done,  a  proper  station  should  be  chosen ;  which 
requires  great  judgment ;  otherwise  it  is  possible  to 
bore  or  sink  to  great  depths,  and  miss  a  bed  of  coal 
which  exists  very  near  the  place :  this  will  be  cvi- 

*  I  have  given  a  short  account  of  this  coal-field  in  the  second 
volume  of  the  Transactions  of  the  Geological  Society. 
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dent  from  the  inspection  of  the  two  stations,  a  and  i, 
Plate  IV.  fig.  2. :  in  the  latter,  it  would  be  impossible 
to  meet  with  the  bed  of  coal,  c,  because  the  search 
is  made  beyond  the  line  where  it  rises  to  the  surface, 
or,  in  the  miner's  language,  crops  out.  At  «,  coal 
would  be  found  afler  sinking  only  a  few  yards.*  In 
most  situations,  it  is  better  to  search  for  coal,  as  deep 
as  can  be  done  without  expensive  machinery,  by  sink- 
ing  a  well  in  preference  to  boring.  By  sinking,  a 
decisive  knowledge  of  the  nature  and  thickness  of  the 
strata  can  be  ascertained  as  far  you  descend,  which 
can  only  be  imperfectly  known  by  boring ;  for  the 
latter  mode  is  liable  to  great  uncertainty  of  re- 
suit,  from  bendings  or  slips  of  the  strata.  If,  for 
instance,  the  borer  be  worked  in  the  situation  a, 
Plate  III.  fig.  2.,  it  will  pass  through  a  great  depth  of 
coal,  which  in  reality  may  not  be  more  than  a  few 
inches  in  thickness.  Besides  the  uncertainty  of  the 
results,  the  grossest  impositions  are  sometimes  prac- 
tised to  answer  interested  purposes,  and  induce  pro- 
prietors  to  continue  the  search,  where  there  is  no 
reasonable  probability  of  success.  Where  coal  strata 
come  to  the  surface,  they  are  generally  in  a  soft  de- 
composed state,  and  intermixed  with  earthy  matter. 
They  frequently  present  no  appearance  of  coal,  but 
the  soil  may  be  observed  of  a  darker  colour.  The 
real  quality  of  the  coal  cannot  be  ascertained  until 
it  is  found  below,  in  its  natural  undecomposed  state, 
lying  between  two  regular  strata  of  stone  or  indu- 
rated clay.  In  general  it  is  observed,  that  the  same 
bed  improves  in  quality,  as  it  sinks  deeper  into  the 
earth.  Coal  strata  are  generally  split  or  divisible 
into  rhomboidal  blocks,  by  vertical  joints :  these  are 
called  slines ;  the  oblique  shorter  joints  are  called 
cutters. 

From  what  will  be  stated  in  the  subsequent  chs^ 

*  In  1811,  I  saw,  in  Radnorshire,  a  fruitless  search  for  coal  of 
this  kind  ;  a  bed  of  coal  of  a  bad  quality  rose  near  the  surface,  and 
the  attempts  to  obtain  it  were  made  beyond  the  outcrop  of  the 
bed. 
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ters,  it  will  appear  that  there  is  more  than  one  third 
of  England  in  which  all  search  for  valuable  coal  is 
useless :  the  knowledge  of  a  negative  fact  becomes 
important,  when  it  saves  us  fiom  loss  of  time,  ex- 
pense, and  disappointment. 

Common  coal  is  a  mineral  too  well  known  to  re- 
quire  a  particular  description.  Mineralogists  divide 
coal  into  two  species,  —  brown  coal,  and  Black  coal; 
the  former,  sometimes  called  wood  coal,  is  chiefly 
found  in  diluvial  or  in  alluvial  ground.  It  contains, 
besides  charcoal  and  bitumen,  various  vegetable  prin- 
ciples, and  the  branches  or  trunks  of  trees  partially 
decomposed,  which  mark  the  origin  of  this  kind  of 
coal. 

Black  coalf  or  common  coaly  is  composed  of  char- 
coal, bitumen,  and  earthy  matter.  The  latter 
forms  the  ashes  which  remain  after  combustion : 
these  vary  in  proportion  in  different  coals,  from  two 
to  near  twenty  per  cent  The  proportion  of  bitu- 
men varies  from  twenty  to  forty  per  cent.,  and  the 
charcoal  from  forty  to  more  than  eighty  per  cent 

Mineralogists  have  enumerated  many  different 
kinds  of  black  coal :  several  of  these  pass  by  gra- 
dation into  each  other  in  the  same  mine.  The  most 
important  varieties  in  an  economical  view  are  the 
hard  coal,  like  that  of  Staffordshire,  and  bituminous 
or  caking  coal,  called  in  London  Sea-coal. 

Anthracite  is  a  mineral  approaching  to  the  state  of 
plumbago ;  it  consists  nearly  of  pure  carbon,  is  ex- 
tremely hard  and  difficult  to  ignite,  and  has  often 
a  semi-metallic  lustre.  It  occurs  in  rocks  which  have 
generally  been  regarded  as  belonging  to  the  transition 
class,  but  is  sometimes  found  in  small  quantities  in 
regular  coal  strata.  The  coal  in  the  extensive  coal 
formation  of  Pennsylvania  is  called  anthracite,  because 
it  emits  but  little  smoke  in  burning,  but  is  only  a 
variety  of  common  coal,  containing  but  little  bitu- 
men. 

Coal  strata  are  frequently  accompanied  by  thin 
strata  of  ironstone.     This  stone  has  a  dark  brown  or 
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gray  colour,  it  has  an  earthy  appearance  and  frac- 
ture, and  is  about  three  times  heavier  than  an  equal 
bulk  of  water.  Some  kinds  have  the  specific  gravity 
of  3'6.  Though  modern  mineralogists  call  this  mine- 
ral clay-ironstone  after  Werner,  from  its  resemblance 
to  argillaceous  stones,  on  analysis  it  is  found  to  con- 
tain but  a  very  minute  portion  of  alumine  or  pure 
clay,  sometimes  not  more  than  two  per  cent.  It  is 
principally  composed  of  iron  combined  with  oxygen, 
carbonic  acid,  and  water,  and  a  small  quantity  of 
silex,  and  in  some  instances  with  calcareous  earth. 
If  it  be  of  a  good  quality,  it  yields  more  than  thirty 
per  cent,  of  iron.  In  some  of  the  beds  of  clay  over 
coal,  detached  nodules  of  ironstone  occur,  which  are 
also  smelted  for  iron. 

The  vast  extent  and  importance  of  our  iron-works 
are  well  known,  but  their  establishment  is  of  recent 
date.  Formerly  our  furnaces  were  on  a  diminutive 
scale,  and  wood  or  charcoal  was  the  only  fuel  era- 
ployed;  but  in  the  present  cultivated  state  of*  the 
country,  wood  could  not  be  procured  in  requisite 
quantity.  The  application  of  coal  or  coke  to  the 
smelting  of  iron  is  among  the  most  useful  of  modern 
improvements ;  but  it  is  only  some  kinds  of  coal  that 
are  proper  for  the  purpose.  Inattention  to  this  cir- 
cumstance has  frequently  led  landed  proprietors  to 
great  unprofitable  expense.  Finding  ironstone  and 
coal  in  abundance  upon  their  estates,  they  have  con- 
structed furnaces  and  other  works  at  a  considerable 
cost,  and  have  discovered  too  late  that  the  coal, 
however  suitable  for  domestic  or  otlier  uses,  was  un- 
fit to  make  iron  of  a  marketable  quality.  To  make 
good  iron  from  the  best  ironstone,  it  is  necessary  that 
the  coal  should  be  as  free  as  possible  from  every  sub- 
stance with  which  sulphur  is  combined.  It  should 
possess  the  property  of  forming  a  hard  coke  or  cin- 
der ;  and  if  it  have  the  quality  of  cementing  or  caktJig^ 
it  is  the  more  valuable,  as  the  small  coal  can  then 
be  used  for  the  purpose  of  coking,  which  is  frequently 
wasted  where  it  does  not  possess  this  quality. 
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Difierent  opinions  have  been  formed  respecting 
the  origin  of  coal.  In  the  primary  and  transition 
mountains,  a  particular  species  of  coal  occurs  in  small 
quantities,  as  before  stated,  which  is  extremely  hard 
and  splendent,  and  burns  without  smoke  or  flame,  and 
is  called  anthracite ;  it  resembles,  and  appears  to  pass 
into,  the  mineral  called  plumbago  or  graphite.  Com- 
mon coal  also  sometimes  graduates  into  plumbago. 
Plumbago  and  anthracite  are  so  completely  miner- 
alised as  to  present  no  indications  of  a  vegetable 
origin  ;  but  the  slate,  in  which  anthracite  is  im- 
bedded, sometimes  contains  impressions  of  ferns,  and 
the  strata  over  common  coal,  abound  in  vegetable 
impressions :  the  cortical  part  of  the  vegetable  is 
frequently  seen  converted  into  mineral  coal.  It  is 
not  often  that  vegetable  impressions  are  found  in  the 
coal  itself;  but  some  of  the  regular  coal  beds  in  the 
Dudley  coal-field,  of  which  I  have  specimens  of  con- 
siderable size  and  thickness,  are  composed  of  distinct 
layers  of  vegetables,  converted  into  true  mineral 
coal :  but,  when  separated,  preserving  the  distinct 
cortical  impressions  of  plants  throughout  the  whole 
thickness  of  the  coal.  It  is  reasonable  to  believe, 
that  all  the  coal  I>eds  in  the  same  field  are  also  formed 
of  vegetable  matter,  though  the  impressions  may  be 
efiaced.  I  have  also  a  specimen  of  common  coal 
from  Derbyshire,  with  different  cortical  impressions. 
Granting  that  common  coal  is  originally  derived  from 
the  decomposition  of  vegetables,  it  maybe  fairly  asked, 
— ^from  whence  did  the  vegetable  tribes  originally  de- 
rive the  carbon,  of  which  I  heir  solid  parts  are  princi- 
pally composed  ?  Carbon  either  previously  existed  in 
nature,  or  trees  and  plants  had  the  power  of  forming  it 
from  more  simple  elements.  Neither  of  those  opi- 
nions is  improbable,  nor  arc  they  at  variance  with 
each  other.  If  carbon  be  a  compound  substance,  of 
which  hydrogen  is  a  constituent  part,  it  may  be 
formed  by  the  process  of  vegetation,  or  it  may  exist 
also  in  the  mineral  kingdom,  independent  of  organic 
productions.     That  carbon  is  an  original  constituent 
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elementary  part  of  the  globe,  can  scarcely  be  doubted, 
when  we  consider  that,  united  with  oxygen,  it  is  an 
important  constituent  part  of  all  limestone  moun- 
tains, composing  nearly  one  half,  by  weight,  of  their 
substance,  or  44  of  carbonic  acid  to  66  of  lime. 
Now,  the  quantity  of  carbon,  when  separated  from 
the  oxygen,  would  be  equal  to  one  eighth  of  the 
whole  mass  of  limestone ;  and,  as  all  the  ancient 
limestone  formations  were  deposited  under  the  ocean, 
we  cannot  suppose  that  this  carbon  was  derived  from 
the  vegetable  kingdom.  Could  the  carbon  be  sepa- 
rated from  the  limestone  in  the  great  calcareous 
ranges  of  the  Jura  and  the  Alps,  it  would  form  a 
bed  of  pure  carbon,  nearly  a  thousand  feet  in  thick- 
ness,  through  the  vast  extent  of  these  mountains: 
and  were  we  forced  to  admit  that  this  carbon  was 
derived  from  organic  secretion,  we  should  rather 
look  to  the  animal  than  the  vegetable  kingdom  for 
its  origin ;  as  no  small  portion  of  many  calcareous 
mountains  is  composed  of  animal  remains,  and  cal- 
careous beds  are  forming  in  our  present  seas,  of  great 
extent  and  thickness,  by  the  accumulation  of  shells 
and  coral. 

M.  Adolphus  Brongniart,  in  a  recent  work  on  vege- 
table fossils,  has  ingeniously  suggested  another  origin 
for  vegetable  carbon  :  he  admits,  as  I  have  done, 
that  carbon  is  an  original  element  in  the  composition 
of  the  globe,  and  its  atmosphere.  He  supposes  that 
the  atmosphere  of  the  ancient  world,  might  contain 
more  carbonic  acid  than  at  present.  This  would  be 
highly  favourable  to  the  rapid  growth  of  plants ;  and, 
in  proportion  as  the  plants  absorbed  the  excJess  of 
carbonic  acid  (fixed  air),  they  would  render  the  at- 
mosphere more  pure,  and  fit  it  for  the  future  respir«- 
ation  of  animals. 

Bittcme?i,  which  is  composed  of  carbon  and  hy- 
drogen, is  known  to  exude  from  the  lava  of  recent 
volcanoes ;  and  the  volcanic  tufa  in  Auvergne,  which 
covers  a  vast  extent  of  surface,  is  almost  every  where 
intermixed  with  bitumen.     In  hot  weather  I  have 
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seen  it  trickling  out  of  the  tufa  in  considerable 
quantities,  resembling  melted  pitch.  As  the  ancient 
volcanoes  of  that  district  broke  out  from  beneath  the 
granite,  we  may  fairly  infer,  that  the  bitumen  which 
abounds  in  the  volcanic  tufa  is  as  much  a  mineral 
substance  as  the  sulphur  which  accompanies  volcanic 
eruptions,  or  which  is  sublimed  from  the  vapours  of 
quiescent  volcanoes. 

Though  the  carbon  that  exists  as  a  constituent 
part  in-  some  primary  rocks  may  be  derived  from 
the  mineral  kingdom,  there  can  scarcely  remain  a 
doubt,  that  wood-coal  and  common  coal  are  of  vege- 
table origin.  Wood-coal,  or  brown  coal,  is  found  in 
low  situations,  and  appears  to  have  been  formed  of 
heaps  of  trees  buried  by  inundations  under  beds  of 
clay,  sand,  or  gravel.  The  woody  parts  have  proba- 
bly undergone  a  certain  degree  of  vegetable  fer- 
mentation, under  the  pressure  of  the  incumbent 
earthy  matter,  by  which  they  have  been  carbonised 
and  consolidatea.  In  some  specimens  of  this  coal, 
the  vegetable  fibre  or  grain  is  perceptible  in  one 
part,  and  the  other  part  is  reduced  to  coal.  The 
vegetable  principles  which  this  coal  contains,  united 
with  bitumen  and  charcoal,  have  been  already  stated. 
In  black  or  common  coal,  the  vegetable  extract  and 
resin  are  destroyed,  and  the  charcoal  and  bitumen 
alone  remain ;  but  wood-coal  and  common  coal  bear 
in  other  respects  too  close  a  resemblance,  to  allow 
us  to  ascribe  to  them  a  different  origin,  though 
they  were  probably  formed  from  different  tribes  in 
the  vegetable  kingdom,  and  under  different  circum- 
stances. 

fVood-coal*  is  found  in  considerable  quantities  at 
Bovey  Heathfield,  near  Exeter.  Several  beds  of 
coal  are  separated  by  strata  of  clay  and  gravel :  the 
lowest  is  seventeen  feet  thick,  and  rests  on  a  bed  of 

♦  The  description  of  woocl-coal  ought  to  be  given  in  the  account 
of  the  tertiary  strata  and  diluvia,  but  it  offers  many  circumstances 
which  tend  to  elucidate  the  formation  of  mineral  coal. 

M   2 


noloene-,'.  ,„.ss  ani  '',,,«  feet  i!"!   •  ,bedileO 
V°t   in  *'*Sve  to  t««;tj^„a«s  are  -^       ^een 


These    '<"■"»""?  common  eo»^'J-,tion  »'  ''^  ai»»«' 
,„d.  lastly,  »?.,,„„  coal-nein 


"S  ,1  by  its  M'°''","v  its  close  SI""",  Vo*u<^'-". 
blished  "y.  '  ,-,oiisi  by"-"  veBetable  V  _,ineial 
Srff"JS^l^S||et.U--,„sea 

and,  lastly,  "'.,»„  coal-nem  . 

But  thougli  ''"iii^'.stablisbed,  the^       process   « 

many    oeas   «">"              nther    >"    *■"            „      nhaie*    * 
arranged    over    "cl.    othe          ^,„J^tone,    -^ 
and    separated   by    strata  _  ,^ 


COAL-BASINS.  l65 

indurated  clay.  It  will  tend  to  simplify  the  enquiry, 
if  we  examine  a  coal-field  of  very  limited  extent ; 
such  as  those  which  occur  in  small  coal-basins  called 
swiUeys  on  the  hills  in  the  West  Riding  of  Yorkshire, 
and  which  are  not  more  than  one  mile  in  length 
and  breadth.  It  seems  evident  that  these  basins 
have  once  been  small  lakes  or  marshes,  and  that 
the  strata  have  been  deposited  on  the  bottom  and 
sides,  taking  the  concave  form  which  depositions 
under  such  circumstances  must  assume :  and  it  is 
deserving  notice,  that  the  stratum  of  coal,  which 
in  one  of  these  coal-basins  at  Hudswell  is  a  yard 
thick  in  the  lowest  part,  gradually  diminishes  as  it 
approaches  the  edges,  and  then  entirely  vanishes. 
This  fact  proves  that  the  present  basin-shaped  posi- 
tion of  the  strata  was  their  original  one ;  and  that 
the  basin,  at  the  period  when  the  coal  strata  were 
formed,  was  a  detached  lake  or  marsh,  and  not  part 
of  the  bed  of  the  sea. 

It  has  been  supposed  that  coal  strata  were  de- 
posited on  the  bed  of  the  ocean ;  but  this  is  not 
probable,  for  the  vegetable  remains,  so  abundant  in 
the  coal  strata,  belong  to  families  of  terrestrial  or 
marsh  plants,  ferns,  gigantic  equisetums  (horsetail), 
with  jointed  and  striated  stems  like  reeds,  hence 
called  calamites,  and  lycopodia  allied  to  ferns :  these 
compose  the  greater  part  of  the  fossil  plants  ac- 
companying coal.  In  some  instances,  the  coal  is 
decidedly  formed  of  such  plants;  and,  from  the 
plants  being  sometimes  found  erect,  we  may  infer 
that  they  grew  near  the  place  where  they  occur. 
There  is  a  stratum  of  indurated  shale  and  imperfect 
ironstone  in  the  Yorkshire  and  Derbyshire  coal-fields, 
called  muscle-bind;  it  is  filled  with  shells:  they 
resemble  freshwater  muscles ;  and  though  there 
may  be  shells  closely  allied  to  them  in  form,  in 
some  of  the  marine  limestones,  it  deserves  notice, 
that  the  substance  of  the  shells  in  the  coal  shale, 
at  least  wherever  I  have  seen  them  in  the  Northern 
coal-fields,  has  that  cretaceous  or  chalky  appearance 
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and  consistence,  which  I  have  observed  t 

liar  to  shells  in  what    are    regarded  as  undoubted 

freshwater  tbrmations. 

If  the  basins  in  which  the  coal  strata  are  deposited 
were  onginally  freshwater  lakes  or  marshes,  did  any 
of  the  plants  whose  remains  compose  coal  grow  where 
the  coal  is  now  found  ?  or,  were  they  carried  by 
rivers  or  inundations  into  the  lakes,  and  gradually 
deposited  as  the  water  evaporated?  The  former 
is  perhaps  the  most  probable  hypothesis ;  and  the 
occurrence  of  the  same  peculiar  kind  of  (ire  clay 
imder  each  bed  of  coal,  fiivourg  the  opinion,  that 
this  was  the  soil  proper  for  the  production  of  those 
plants  from  which  coal  baa  been  formed.  If  we 
suppose  that  these  lakes  were  periodically  laid  dry, 
and  again  filled  by  sudden  inundations,  we  shall 
have  the  conditions  required  for  the  succession  of 
carbonaceous  and  earthy  strata  that  take  place  in  a 
coal-Heid :  a  'repetition  of  such  inundations  would 
fill  up  the  lake  or  basin.  Nor  can  such  a  sup- 
position appear  improbable ;  for,  as  the  species  of 
vegetables  in  the  coal  strata  are  analogous  to  what 
at  present  grow  in  tropical  climates,  we  may  infer 
that  they  were  subjected  to  such  atmospheric  in- 
fluences as  promote  the  rapid  growth  and  decay 
of  vegetation  in  hot  countries,  accompanied  with 
great  periodical  inundations. 

The  terrestrial  and  marsh  plants  that  accompany 
coal,  and  of  which  it  was  probably  formed,  might 
flourish  between  these  successive  inundations,  their 

I  growth  being  sufficiently  rapid  to  form  a  thick  bed 
of  vegetable  matter  in  a  short  period ;  for,  as  they 
had  not  the  ligneous  structure  of  wood,  their  decom- 
position by  vegetable  fermentation  might  speedily 
be  effected.  Sliould  it  be  objected,  that  some  of 
the  coal  beds  are  from  nine  to  thirty  feet  in  thick- 
ness, and  that  a  mass  of  vegetable  matter,  sufficient 
to  form  such  beds,  could  not  be  collected  in  one 
season,  it  is  sufficient  to  reply,  that  we  know  not  the 
duration   of  the   periods   during  which  vegetal " 
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might  proceed  without  interruption  ;  and  it  deserves 
particular  notice,  in  relation  to  this  subject,  that  all 
thick  beds  of  coal  are  divided  into  several  minor 
strata,  and  have  frequently  thin  strata  of  shale,  clay, 
or  sandstone  between  them,  but  they  are  called  by 
the  miners  one  bed,  as  the  coal  can  be  all  got  at  the 
same  level.  The  Staffordshire  coal  stratum,  which 
is  thirty  feet  thick,  is  divided  into  thirteen  minor 
strata  by  seams  of  clay,  &c. ;  and  the  thirteen  feet 
bed  of  coal  at  Ashby  VV^olds  is  composed  of  several 
seams  of  different  qualities. 

Very  thin  seams  of  coal  sometimes  alternate  with 
the  shale  lying  between  two  large  beds  of  coal.  I 
have  on  the  table  before  me,  a  mass  from  the  Dudley 
coal-field,  in  which  part  of  two  beds  of  coal  are  sepa- 
rated by  a  stratum  of  indmated  clay  or  shale,  about 
two  inches  in  thickness ;  this  stratum  of  shale  contains 
more  than  twenty  seams  of  coal,  none  of  which  ex- 
ceed the  thickness  of  a  wafer,  but  they  are  distinctly 
separated  from  each  other  by  seams  of  shale.  These 
thin  seams  of  coal  and  shale,  were  probably  formed 
by  alternate  depositions  of  leaves  or  minute  aquatic 
plants,  and  of  earthy  particles  forming  layers  of  clay  or 
sand.  These  are  circumstances  which  appear  to  me 
to  prove,  that  the  formation  of  the  coal  strata  was 
effected  more  rapidly  than  those  geologists  have 
hitherto  been  willing  to  admit,  who  have  only  exa- 
mined  coal  mines,  seated  in  an  easy  chair  in  their 
studies.  I  will  first  advert  to  the  state  in  which  fos- 
sil vegetables  are  found  in  coal  mines,  and  shall  give 
a  section  of  a  coal  mine,  which  I  examined  in  1811, 
belonging  to  the  late  Marquis  of  Hastings.  It  is 
remarkable  for  the  frequent  repetition  of  the  same 
series  of  strata,  of  precisely  the  same  quality  and 
thickness ;  proving  a  periodical  recurrence  of  the 
conditions  under  which  they  were  formed. 

Vertical  stems  not  uiifrequently  occur  in  coal- 
fields ;  but,  from  the  mode  of  working  or  sinking  for 
coal,  it  is  seldom  that  they  can  be  seen  in  that  posi- 
tion.    Where  a  stone  quarry  is  open  to-day  in  coal 
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strata,  and  uncovers  a  considerable  face  of  rock,  there 
we  may  sometimes  meet  with  fossil  plants  in  their 
original  position.  In  18J9,  I  had  an  opportunity  of 
examining  Bnrntwood  quarry,  at  Althouse,  near  Wake- 
field, in  Yorkshire,  at  which  time  there  were  numer- 
ous vertical  stems  in  strata  of  sandstone.  One  stem 
which  I  measured  in  the  quarry  was  nine  feet  in 
length,  and  ten  inches  in  diameter;  but,  what  is  re- 
markable, this  stem  passed  through  three  strata  of 
sandstone,  parted  by  regular  strata  seams.  It  had, 
therefore,  evidently  grown  in  the  situation  where  it 
stood ;  for  it  is  difficult  to  believe  that  any  vegetable 
stem  could  pierce  through  three  strata  of  sandstone, 
the  lower  of  which  at  least  must  have  been  partly 
consolidated.  When  we  consider  that  these  were 
the  stems  of  hollow  tubular  plants,  equisetums,  with- 
out any  woody  support,  it  is  impossible  to  believe, 
that  they  could  have  remained  erect  in  a  warm  tem- 
perature without  speedy  destruction  or  decomposi- 
tion, even  for  a  very  limited  time.  We  are  there- 
fore certain,  that  they  were  speedily  encased  in  the 
strata,  that  now  surround  them,  or,  in  other  words, 
that  three  strata  of  sandstone  nine  feet  in  thickness 
were  rapidly  deposited. 

The  coal  mines  at  St.  Etienne,  in  France,  present 
similar  appearances ;  the  vertical  stems  are  numerous, 
and  ten  or  twelve  feet  in  length.  From  a  drawing 
and  description  of  them  given  nie  by  M.  Alexandre 
Brongniart,  it  appears,  that  they  were  large  equi- 
setums, and  the  hollow  tube  is  filled  with  sandstone. 
The  circumstances  and  the  inferences  from  them 
agree  witli  those  before  stated  of  Burntwood  quarry. 

In  the  section  of  the  Ashby-de-la-Zouch  coal,  given 
below,  it  will  be  seen,  that  there  are  no  less  than  six- 
teen strata  of  blue-bind,  exactly  of  the  same  thick- 
ness, and  alternating  with  sixteen  strata  of  ironstone, 
of  which  the  six  upper  are  only  one  inch  in  thick- 
ness, and  the  lower  two  inches.  If  we  should  sup- 
pose each  stratum  of  bind  and  ironstone  to  have  been 
deposited  in  difiereiit  parts  of  one  year,  we  should  hai 
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a  speedy  formation  of  these  thin  beds.  We  know 
nothing,  however,  certain,  respecting  the  formation  of 
ironstone  ;  but  it  appears  to  have  been  deposited  in 
fresh  water,  as  it  occurs  in  freshwater  strata  in  the 
regular  coal  formation,  and  in  the  coal  strata  of  the 
oolites  in  Yorkshire,  and  among  the  clay  and  sandstone 
strata,  in  the  wealds  of  Kent.  Few  geologists  have 
attempted  to  explain  the  formation  of  ironstone.  It 
may  have  been  a  deposition  from  chalybeate  waters, 
or  was,  perhaps,  the  produce  of  decomposed  vegeta- 
tion, as  bog  or  peat  iron  is  supposed  to  have  been. 

Some  geologists  are  of  opinion,  that  coal  was 
formed  from  peat ;  but  the  fossil  vegetables  in  coal 
strata,  and  in  the  coal  itself,  are  not  what  compose  the 
peat  of  the  present  day.  However,  if  northern  lati- 
tudes had  the  temperature  of  tropical  climates  during 
the  geological  epoch  when  the  vegetables  flourished 
that  are  found  in  the  coal  strata,  the  peat  of  that  period 
would  partake  of  a  different  character  from  recent  peat 
beds,  and  might  be  produced  by  the  rapid  decom- 
position of  the  large  terrestrial  and  marsh  plants,  be- 
fore referred  to.  A  bed  of  modern  peat,  seven  feet  in 
thickness,  is  said  to  have  been  formed  in  thirty  years  ; 
but  the  primitive  vegetation  of  the  world,  flourishing 
and  decaying  under  a  high  degree  of  temperature, 
and  a  moist  atmosphere,  might  form  thick  beds  of 
peat  in  a  much  shorter  period. 

It  is  truly  deserving  attention,  that  the  vegetable 
fossils  found  in  distant  parts  of  the  world,  and  under 
very  different  latitudes,  are  nearly  identical  with  those 
in  European  coal-fields.  The  plants  in  the  coal- 
fields of  North  America,  and  even  the  specimens 
from  Greenland,  are  analogous  to  those  in  the  En- 
glish coal-fields ;  and  the  few  specimens  that  have 
been  obtained  from  tlie  tropical  regions  in  America, 
from  New  Holland,  and  from  India,  belong  to  the 
same  families  as  those  which  we  find  in  the  coal  strata 
of  Europe.  Now,  if  we  admit  these  distant  beds  of 
coal  to  be  of  contemporaneous  formation,  we  must 
admit  also,  that  the  temperature  of  the  whole  globe 
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was,  at  that  epoch,  nearly  the  same,  in  very  different 
latitudes ;  or  were  we  to  suppose  that  these  coal- 
fields were  formed  in  different  epochs,  we  must  still 
grant,  that  northern  latitudes  have  once  enjoyed  the 
same  temperature,  as  countries  under  the  equator. 

Before  concluding  these  observations,  it  may  be 
permitted  to  remark,  that,  however  ancient  the  form- 
ation  of  coal  and  ironstone  may  have  been,  the  fre- 

auent  occurrence  of  these  minerals  together,  both 
estined  in  future  time  to  give  to  man  an  extensive 
empire  over  the  elements,  and  to  contribute  largely 
to  his  means  of  civilisation  and  comfort,  cannot  fail 
to  impress  the  reflecting  mind  with  evidence  of  pro- 
spective designing  intelligence.* 

*  I  here  subjoin  a  section  of  the  Ashby-de-la-Zouch  coal^eld ; 
if  ever  we  arrive  at  just  conclusions  respecting  tlie  origin  of  coal 
and  ironstone,  it  must  be  by  an  accurate  examination  of  the 
strata  in  which  they  occur,  and  the  relation  of  these  strata  to  each 
other ;  an  investigation  hitherto  much  neglected  by  geologists. 
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The  aggr^ate  depth  of  the  Ashby-de-la-2k>uch 
coal-field  exceeds  two  hundred  and  twenty  yards 
in  this  part  of  the  coai -field,  though,  from  the  basin- 
shaped  form  of  the  beds,  the  lowest,  or  main  coal, 
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rises  to  the  surface  at  about  three  miles  distance 
from  this  pit  In  this  series  we  find  about  one  hun- 
dred and  thirty  distinct  strata,  comprising  ten  beds 
of  coal,  of  which  eight,  at  least,  would  be  con- 
sidered workable  in  some  countries,  and  about 
twenty-eight  seams  of  ironstone,  and  strata  con- 
taining ironstone.  The  lowest,  or  great  coal  bed, 
contains  coal  of  different  qualities,  divided  by  small 
partings  of  clay.  Near  the  middle  of  the  great  bed, 
there  is  a  stratum  of  coal  so  hard  as  to  form  a  firm  roof, 
which  enables  the  miners  to  work  out  the  lower 
coal  with  great  advantage :  this  lower  coal  is  about 
six  feet  in  thickness.  A  bed  of  coal  of  this  thick- 
ness, with  a  strong  sound  water-tight  roof,  can  be 
worked  with  greater  ease  and  less  tepense  than  any 
other,  as  the  men  can  stand  upright,  and  much  less 
timber  is  required  to  support  the  roof  or  walls,  than 
in  very  deep  coal  beds,  like  the  main  Staffordshire 
coal.  When  the  lower  coal  is  worked  out,  the  props 
or  supports  of  the  roof  will  be  removed,  the  whole 
upper  strata  will  then  sink  down,  and  the  upper  coal 
may  be  safely  worked.  There  is  scarcely  any  water 
in  this  mine,  and  what  is  found  there,  is  a  salt  brine, 
containing  common  salt  nearly  pure :  it  issues  from 
the  fissures  in  the  coal  with  a  hissing  noise,  being 
accompanied  with  carburetted  hydrogen  (fire  damp). 
All  the  beds  of  coal  rest  upon  what  is  called  bind, 
which  is  an  argillaceous  shale,  more  or  less  indu- 
rated, sometimes  coloured  black  by  bitumen,  and 
sometimes  intermixed  with  sand  resembling  sand- 
stone, but  generally  decomposing  into  a  clayey  soil, 
like  the  blue  and  black  binds  on  exposure  to  the  at- 
mosphere. 
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It  seems  extremely  probable  that  tliese  beds, 
called  bind,  which  lie  immediately  under  the  coal, 
were  once  the  soil  on  which  tlie  diflereiit  vegetables 
flourished  that  form  coal.  When  I  examined  the 
mine,  in  1811,  the  vegetable  remains  appeared  to  me 
the  same  xs  those  (bund  in  other  coal-tields  ;  but  at 
that  time  they  did  not  attract  my  attention,  except 
one  which  i»  a  ncarlv  jjlobidar  mass,  composed  of  a 
series  of  cones  within  each  other,  and  diverging 
from  a  common  centre.  These  have  been  called 
'*  cone  within  cone"  by  the  miners,  but  their  nature 
is  not  well  understood.  Adolplms  Ilrongniart,  in  hia 
excellent  work  on  vegetable  fossils,  supposes  they 
may  be  the  seed  vessels  of  a  gigantic  species  of 
lycopodium. 

Trie  recurrence  of  frequent  alternations  of  seams 
of  ironstone  with  thin  beds  of  blue  hind,  each  alter- 
nation preserving  the  same  thickness,  is  a  circum- 
stance well  deserving  attention,  as  it  indicates 
periotlical  succession  of  causes,  probably  dependent 
on  the  seasons. 

There  are  a  few  beds  called  ruA/y,  or  rumillif,  by 
Ihe  miners;  they  consist  of  loose  materials  and 
fragments,  which  indicate  that  they  were  deposited 
during  an  agitated  state  of  the  water.  Many  of  the 
other  beds  have  evidently  been  deposited  by  tranquil 
water  in  a  lake,  which  occasionally  became  dry  land. 
I  have  dwelt  longer  on  this  subject,  than  is  perhaps 
consistent  with  an  introductory  work,  but  1  was 
desirous  to  direct  the  attention  of  geologists  to  an 
enquiry  which  has  hitherto  been  disregarded. 

The  conversion  of  vegetable  matter  into  true 
mineral  coal  has  been  admirably  elucidated  by  the 
experiments  of  Dr.  Maccullocb  on  wood  in  different 
stales  of  bituminisation,  Irom  submerged  wood,  to 
peat,  brown  coal,  surturbrand,  and  lastly  to  jet, 
which  the  traces  of  organisation  are  nearly  destroy- 
ed. These  substances,  which  have  been  only  sub- 
jected to  tiie  action  of  water,  all  yield  bitumen  by 
;£ntle  dtstUlation :    but   they   differ  I'roat   miner^ 
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coal,  by  yielding  also  a  large  portion  of  acetic  acid, 
which  marks  the  remains  of  undecayed  vegetable 
substances.  Common  coal  has  formerly  been  re- 
garded as  a  combination  of  charcoal  with  bitumen ; 
but  as  bitumen  is  itself  a  combination  of  carbon 
with  hydrogen.  Dr.  Macculloch  says,  it  will  be  more 
proper  to  consider  coal  as  a  bitumen,  varying  in  its 
composition  from  the  fattest  Newcastle  coal  to  the 
driest  Kilkenny  coal,  and  owing  its  compactness 
to  the  peculiar  circumstances  under  which  it  has 
been  formed,  the  changes  it  may  have  subsequently 
undergone,  and  the  substances  intermixed  with  it 
The  power  of  yielding  naphtha  by  distillation,  is  the 
distinction  between  one  end  of  the  series  and  the 
other.  The  last  link  (anthracite)  contains  only 
carbon ;  so  the  last  result  of  the  distillation  of 
asphaltum  is  also  carbon. 

To  convert  wood-coal  or  jet  into  true  coal,  some 
further  process  than  long  submersion  in  water  seems 
necessary.  The  latter  substance,  jet,  was  reduced 
to  powder  by  Dr.  M.,  and  put  into  a  gun-barrel,  and 
covered  close  with  Stourbridge  clay;  it  was  then 
exposed  to  a  moderate  red  heat.  By  this  process,  it 
was  converted  into  a  substance  having  all  the  external 
characters  and  chemical  properties  of  true  mineral 
coal,  and  the  clay  was  converted  into  coal  shale. 
But  though,  in  the  laboratory  of  the  chemist,  the  last 
stage  of  the  formation  of  coal  requires  artificial  fire, 
yet  in  the  great  laboratory  of  Nature,  vegetable 
fermentation  and  compression  may  evolve  sufficient 
heat,  for  the  ultimate  formation  of  mineral  coal.  It 
may  however  deserve  notice,  that  most  great  repo- 
sitories  of  coal  are  intersected  by  beds  and  dykes 
of  basalt,  which  is  now.  admitted  to  be  of  igneous 
origin.* 

*  At  Meisner,  in  Hesse,  a  thick  bed  of  wood-coal  or  lignite  is 
covered  by  an  enormous  mass  of  basalt,  and  is  only  separated  from 
it  by  a  thin  bed  of  clay.  The  upper  parts  of  the  lignite  are  con- 
verted into  anthracite,  and  even  into  true  bituminous  coal,  while 
the  lower  parts  are  formed  of  earthy  and  fibrous  wood-coaL 
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Pressure  and  time  alone  may  be  sufficient  to  pro- 
duce the  destruction  of  vegetable  organisation,  and 
the  perfect  consolidation  of  beds  of  coal,  as  is  proved 
by  the  complete  consolidation  of  loose  materials  left 
in  coal  mines,  when  the  supports  are  removed,  and 
the  upper  strata  sink  down.  In  a  few  years  scarcely 
a  trace  of  former  operations  remains.  In  contem- 
plating natural  causes,  we  are  too  apt  to  measure 
their  power  by  the  results  of  artificial  processes,  and 
by  observations  continued  for  a  short  portion  of  hu- 
man life.  The  substances  found  in  the  neglected 
vessels  of  the  chemist,  oflen  prove  to  us  that  changes 
in  the  physical  properties  of  bodies  are  effected  by 
time,  which  it  would  be  difficult  to  imitate  in  com- 
mon experiments. 

The  great  regular  coal  formation  appears  to  be 
confined  to  the  lower  secondary  strata,  generally 
resting  on  transition  limestone.  In  some  situations, 
the  under  transition  rocks  are  wanting,  and  the  scries 
of  coal  strata  rest  on  granite,  with  the  intervention  of 
a  thick  bed  of  conglomerate. 

No  mineral  coal,  both  good  in  quality  and  abun- 
dant in  quantity,  has  ever  been  found  either  in  the 
primary  or  in  the  lower  transition  rocks,  or  in  the 
upper  secondary  or  the  tertiary  strata.  It  is  true, 
that  in  the  oolite  of  the  upper  secondary  strata, 
two  series  of  coal  strata  occur  on  the  eastern  moor- 
lands  of  Yorkshire,  which  are  thought  of  sufficient 
importance  to  be  worked;  but  the  coal  is  very 
indifferent,  and  is  chiefly  used  by  the  lime-burners. 
This  coal  formation  will  be  noticed  in  a  subsequent 
chapter.  The  Kimmcridge-clay  in  the  oolites  also 
contains  beds  of  shale  impreguated  with  bitumen, 
which  is  used  as  fuel  in  a  country  where  coal  is 
extremely  dear. 

The  wood-coal  of  Bovey  Heathfield  has  been 
already  noticed.  I  may  state  in  addition,  that  I 
visited  the  mine  in  1815  :  it  is  worked  like  an  open 
quarry ;  it  had  been  for  some  years  previously  under 
water,  but  was  then  laid  dry  by  pumps.     There  are 
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several  irregular  beds  of  lignite  or  wood-coal  alter- 
nating with  what  is  called  dead  coal,  which  is  less 
inflammable,  and  resembles  a  bituminous  shale ;  the 
beds  wedge  out  narrow  as  they  descend.  The 
whole  mass  is  more  or  less  bituminised;  but  the 
upper  part,  which  preserves  the  woody  structure 
more  perfectly,  seems  principally  composed  of  clay. 
Sulphate  and  carbonate  of  iron  occur  in  some  part  of 
the  beds,  and  rounded  pieces  of  maltha.  Wood-coal 
occurs  chiefly  in  diluvial  deposits.  Where  wood-coal 
is  covered  with  basalt,  it  is  converted  into  a  substance 
nearly  resembling  mineral  coal.  This  coal  occurs  in 
Iceland,  in  the  north  of  Ireland,  and  in  many  basaltic 
districts  on  the  Continent. 

Before  concluding  this  brief  account  of  imperfect 
coal  formations,  out  of  the  limits  of  the  regular  coal 
formation,  I  would  direct  the  attention  of  geologists 
to  two  situations,  in  which  coal  is  found,  that  are 
well  deserving  of  notice.  The  first  is  the  mine  of 
Entreveines,  situated  in  a  mountain  valley  about 
2000  feet  above  the  lake  of  Annecy,  and  at  least 
3500  feet  above  the  level  of  the  sea.  The  bed  of 
coal  consists  of  three  minor  beds,  separated  by  thin 
seams  of  clay  varying  in  thickness,  yielding  about 
four  feet  of  good  coal,  which  has  the  character  and 
fracture  of  mineral  coal ;  it  is  shining,  does  not  soil 
the  fingers,  and  is  highly  bituminous,  being  ex- 
clusively used  for  the  gas  lights  in  the  cotton-mills 
at  Annecy.  The  total  thickness  of  the  sandstone^ 
shale,  and  coal  strata,  which  compose  the  coal  form- 
ation in  this  place,  is  about  one  hundred  and  fiffy 
yards ;  they  are  placed  between  thick  beds  of  lime- 
stone, and  dip  together  at  an  angle  of  about  seventy 
degrees.*  It  is  worthy  of  observation,  that  the  lime- 
stone beds  above  and  below  the  coal  formation,  have 
the  hardness,  fracture,  transluc^jncy,  and  appearance 
of  the   transition   limestone   at   Plymouth;    yet  in 

*  A  particular  description  of  this  singular  coal  mine,  with  a  cut 
illustrating  the  position  of  the  beds,  is  given  in  Vol.  I.  of  mf 
*  Travels  in  the  Tarentaise,'  &c. 
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another  part  of  the  mountain,  the  same  Iinie!>tone 
is  associated  with  a  bed  oi'  dark  ctay,  in  which  I 
found  gryphitcs  and  lielemnites,  clearly  indicating 
that  the  bed  was  analogous  to  oiir  Has  or  clunch 
clay,  and  that  the  limestone  associated  with  it,  not- 
withstanding its  mineral  character,  belonged  to  the 
upper  secondary  strata ;  and  hence  that  the  coal,  in 
geological  position,  agreed  with  the  imperfect  coal 
formations  in  the  English  oolites.  Here,  tlicn,  we 
have  a  further  proof  of  what  has  before  been  stated, 
ihat  in  the  calcareous  formations  of  the  Al[w,  the 
upper  secomlary  strata  lose  the  sort  and  earthy 
character  which  ilistinguish  the  oolites  and  chalk 
in  England,  and  are  converted  into  marble.  The 
coal  also,  which  is  \ery  imperfectly  formed  in  the 
English  oolite,  has,  in  the  same  limestone  formation 
in  the  Alps,  the  character  of  true  mineral  coal. 

A  still  more  remarkable  coal  formation  occurs  at 
Alpnach,  near  the  lake  of  Lucerne  in  Switzerland, 
where  a  bed  of  coal  is  found  at  the  depth  of  two 
hundretl  and  eighty  fe<(t  from  the  surface.  Over  the 
coa],  there  is  a  stratum  of  bituminous  limestone  con- 
taining fluviattle  shells,  and  bones  and  teeth  of  the 
large  mammalia,  particularly  the  teeth  of  a  species  of 
mastodon.  The  specimens  which  were  shown  me 
by  Professor  Meissner  of  Heme,  on  my  return  from 
the  Swiss  Alps,  made  me  regret  exceedingly  not 
having  visited  Alpnach.  Notwithstanding  the  oc- 
currence of  the  bones  of  large  land  quadrupeds  in 
the  stratum  over  the  coal,  tlie  coal  approaches  in 
character  nearly  to  mineral  coal,  and  the  strata  of 
micaceous  sandstone  and  shale  above  it,  have  aldose 
resemblance  to  those  in  our  English  coal-fields. 
Though,  from  the  organic  remains,  wc  are  compelled 
to  place  the  coal  of  Alpnacli  among  the  tertiary 
Wrata,  or  to  admit  the  occurrence  of  an  anomalous 
formation  like  the  one  at  Stonesfield,  still  1  believe 
the  true  geological  position  of  the  coal  of  Alpnach 
is  problematical ;  and  it  deserves  tlie  particular  atten< 
'" —  of  some  English  geologist,  well  ac(piainted  with 
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IIh'  different  coal-fields  in  liis  own  country,  and  tSV 
lignite  formations  in  various  parts  of"  Europe. 

It  will  be  seen  by  a  reference  to  the  Geological 
Map,  and  the  Chapter  containing  an  Outline  of'  the 
Geology  of  England,  that  there  is  a  considerable 
part  of  South  Britain  where  coal  has  not  been  found. 
Two  important  questions  may  be  asked; — Do  the 
coal  strata  extend  under  the  parts  where  coal  has  not 
yet  been  rliscovered?  And  if  they  do  extend  be- 
yond tiieir  present  known  limits,  —  what  practicable 
means  can  be  employed  to  obtain  the  coal  ?  Witli 
respect  to  the  first  question  —  it  is  well  ascertained 
by  boring,  that  the  coal  strata  do  in  some  places  ex- 
tend under  tlie  magnesian  limestone,  by  which  they 
are  immediately  covered  in  some  of  the  northern 
counties,  though  it  was  formerly  supposed  that  the 
coal  terminated  before  it  reached  the  magnesian  lime- 
stone, or  was  there  cut  oflT  by  a  fault.  In  a  consider- 
able part  of  England,  the  coal-fields  are  immediately 
covered  by  what  is  called  the  red  marie  or  new  red 
sandstone  j  but  there  are  but  few  situations  where 
the  red  marie  and  sandstone  have  been  sunk  through 
for  coal.  I  am,  however,  decidedly  of  opinion,  that 
under  the  red  marie  adjacent  to  the  coal  districts  in 
my  native  county,  Nottinghamshire,  the  regular  coal 
strata  will  be  found  ;  and  tliat  there  is  a  high  degree 
of  probability  that  rock  salt  or  brine  springs  will  be 
found  in  the  red  marie  itselfi  particularly  in  those 
parts  of  the  county  where  beds  of  massive  gypsum 
occur.  The  same  remark  might  be  extended  to  tlie 
red  marie  and  sandstone  districts  adjoining  coal  strata 
in  Derbyshire,  Leicestershire,  and  Warwickshire.* 
In  confirmation  of  the  opinion  here  advanced,  a  sa- 
line spring  has  very  recently  been  discovered  about 
four  miles  north-west  of  Nottingham ;  and  coai  has 
been  lately  found  under  the  red  marie  and  sandstone 
on  tiie  south  side  of  Charnwood  Forest,  wher«j 


•  Since  the  third  edition  of  this  work  was  published, 
bean  found  under  the  red  marie  and  sandstone  near  ManchesI 


her«j^^ 
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had  not  before  been  suspected  to  exist.  It  may, 
however,  be  proper  to  say,  that  no  search  of  this 
kind  by  boring  should  be  undertaken  by  any  one,  to 
whom  the  expense,  in  case  of  faihire,  would  be  a 
serious  inconvenience. 

The  dip  and  direction  of  the  strata  in  the  coal- 
fields nearest  to  the  estate  where  the  search  is  to  bo 
made,  should  be  well  known.  If  the  strata  dip  to- 
wards the  estate,  it  is  probable  the  coal  may  extend 
under  it :  if  they  dip  from  it,  the  search  should 
not  be  undertaken.  To  make  this  intelligible,  see 
Plate  III.  fig.  3.  a.  a.  a.  are  a  series  of  coal  strata,  or, 
as  they  are  provincially  called,  coal  measures,  dipping 
toward  the  side  b.  c.  c.  c.  are  strata  of  red  marie  or 
sandstone,  lying  unconformably  over  the  coal  strata. 
Now,  according  to  this  arrangement,  a  search  for 
coal  might  be  successful,  though  the  bed  might  be 
at  too  great  a  depth  to  be  worked.  Whereas  on  an 
estate  at  d,  as  the  coal  strata  dip  from  it,  were  we  to 
bore  to  the  centre  of  the  earth,  we  could  never  find 
the  beds  1.  2.  3.  4.  If  the  estate  b  is  situated  a  con- 
siderable distance  from  a  known  coal-field,  the  strata 
of  coal  may  bend  as  represented  Plate  IV.  fig.  2.  and 
crop  out  at  a,  before  they  reach  the  station  b^  where 
the  trial  is  made  ;  and  if  the  outcrop  be  covered  by 
the  red  sandstone,  this  cannot  be  known  but  by  trial. 

Rock  salt  or  brine  springs  are  most  likely  to  be 
found  by  boring  in  the  vicinity  of  massive  gypsum, 
without  regarding  the  stratification.  As  for  the  dis- 
tricts where  the  upper  secondary  strata  of  lias,  oolite, 
and  chalk  occur,  all  search  for  the  regular  coal  strata 
roust  there  be  fruitless  ;  as  the  vast  thickness  of  these 
calcareous  formations  precludes  the  hoj)e  of  success. 

Coal  mines,  it  is  well  known,  are  subject  to  fatal 
explosions  of  what  is  called  the  fire-damp,  or  carbu- 
retted  hydrogen  gas.  This  gas  appears  to  be  gene- 
rated by  the  decomposition  of  iron  i)yrites  in  coal, 
and  may  often  be  heard  issuing  from  the  fissures  in 
coal-beds  with  a  bubbling  noise,  as  it  forces  the  water 
out  along  with  it     The  choke-damp,  as  it  is  called, 
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is  either  carbonic  acid  gas  (fixed  air),  or  the  unrespir- 
able  residue  of  air  left  after  explosions,  when  all  the 
oxygen  is  consumed.     (See  Appendix.) 

The  regular  or  great  coal  formation  lias  never 
been  discovered  at  a  very  considerable  elevation 
above  the  level  of  the  sea  :  it  generally  is  found  to- 
Vi^ards  the  feet  of  great  mountain  chains,  or  in  the 
valleys  near  to  lofty  mountain  ranges.  The  geology 
of  large  portions  of  the  globe  is  still  unknown ;  but 
it  appears  from  those  parts  with  which  we  are  ac- 
quainted, that  coal  is  principally  found  in  temperate 
regions,  between  thirty-five  and  sixty-five  degrees  of 
latitude.  In  Europe, — Great  Britain,  France,  Flan- 
ders, and  Germany,  (particularly  Silesia,  Saxony,  Bo- 
hemia, and  Thuringia,)  contain  large  coal  formations ; 
but  in  the  southern  and  more  northern  paits  of  Eu- 
rope, coal  is  of  rare  occurrence.  In  North  America, 
coal  is  found  in  great  abundance  on  the  western  side 
of  the  Alleghany  mountains ;  it  has  also  been  dis- 
covered in  Pennsylvania,  extending  westward  towards 
Pittsburgh,  over  a  space  of  three  hundred  mUes. 
Coal  occurs  also  near  Richmond,  in  Virginia,  and  in 
the  Missouri.  American  coal  is  said  to  be  found  in 
quartz  rock,  whicli  I  apprehend  to  be  merely  sili- 
ceous grit,  composed  of  nearly  pure  granular  silex, 
such  as  abounds  in  the  lower  part  of  the  Yorkshire 
coalfields.  The  coal,  in  a  great  part  of  the  United 
States,  contains  little  bitumen,  and  hence  is  called 
anthracite,  but  it  is  not  the  true  anthracite  of  mine- 
ralogists, but  far  more  valuable  for  fuel.  The 
discovery  of  this  immense  repository  of  coal,  accom- 
panied with  ironstone,  must  prove  of  the  highest 
importance  to  a  nation  so  industrious,  intelligent, 
and  enterprising,  as  the  inliabitants  of  the  United 
States.  In  the  vicinity  of  Pittsburgh,  1  am  informed, 
that  the  strata  of  coal  are  nearly  horizontal,  and  that 
in  one  situation,  the  same  stratum  of  coal  forms  the 
bed  of  a  river  for  several  miles.  Coal  has  been  dis- 
covered in  New  Holland.  The  only  great  coal  form- 
ations in  Asia  that  we  know  of  are  in  China,  where 
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coal  is  described  as  existing  in  large  quantities,  and 
as  being  extensively  used  for  fuel  in  that  vast  empire. 
As  France  will  probably  continue  to  be  for  many 
centuries  our  great  manufacturing  rival,  it  is  interest- 
ing to  know  what  are  her  resources,  for  the  supply 
of  an  article  found  so  essential  to  almost  all  the  prin- 
cipal  manufactures  of  Great  Britain.  Before  the  late 
peace,  forty-seven  of  the  departments  contained  coal 
districts,  and  the  annual  consumption  was  stated  to 
be  about  five  million  tons ;  but  a  great  part  of  the 
rich  and  extensive  coal-field  extending  from  Valen- 
ciennes to  Aix-la-Chapelle,  is  comprised  in  that  part 
of  Flanders,  which  was  separated  from  France  at  the 
peace.  There  are,  however,  extensive  coal  districts 
in  the  noith-eastern,  the  western,  the  middle,  and 
the  southern  parts  of  France.  Two  miles  from 
Lyons  there  are  coal  mines ;  the  coal  of  St.  Etienne 
and  the  ironstone  beds  accompanying  it,  about 
twenty  miles  north-west  of  Lyons,  are  of  the  very 
best  quality.  In  the  year  1822,  when  I  passed 
through  that  country,  many  English  workmen  were 
employed  in  the  iron-works,  which  were  rapidly  in- 
creasing. It  cannot  be  doubted  that  France  pos- 
sesses every  advantage,  from  its  soil,  its  climate,  and 
its  mineral  resources,  which  a  great  manufacturing 
nation  can  require* 

Observations    on    the    Period   wmien   the  Coal 
Mines  in  England  will  bk  exhausted. 

Coal  was  known,  and  partially  used,  at  a  very  early  period  of  our 
history.  I  was  informed  by  the  late  Marquis  of  Hastings,  that 
stone  hammers  and  stone  tools  were  found  in  some  of  the  old 
workings  in  his  mines  at  Ashhy  Wolds  ;  and  his  lordship  in- 
formed me  also,  that  similar  stone  tools  had  been  discovered  in  the 
old  workings  in  the  coal  mines  in  the  north  of  Ireland.  Hence  we 
may  infer,  that  these  coal  mines  were  worked  at  a  very  remote 
period,  when  the  use  of  metallic  tools  was  not  general.  The  burn- 
ing of  coal  was  prohibited  in  London  in  the  year  1308,  by  the 
royal  proclamation  of  Edward  the  First.  In  the  reign  of  Queen 
Elizabeth,  the  burning  of  coal  was  again  prohibited  in  London 
during  the  sitting  of  parliament,  lest  the  health  of  the  knights  of 
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A  cubit'  yard  of  coal 

,0118  contained  in  a  bed 

a  yard  in  thickIIeB^,  is 

?Dt  of  all  the  priDcipal 

1  known ;  and  from 


tlie  shire  should  Euffer  injury  dui;ing  their  abode  ii 
In  tlie  year  1643,  the  use  of  coal  had  become  so  general,  and  the 
price  being  then  very  high,  many  of  the  poor  are  said  to  have 
perished  for  want  of  fuel.  At  the  present  day,  when  tlie  con- 
sumption of  coal,  in  our  iron-furnaces  and  manufactories,  and  for 
domestic  use,  is  immense,  we  cannot  but  regard  the  exhaustion  of 
our  coat  beds  as  involving  the  destruction  of  a  great  portion  of 
our  private  comfort  and  national  prosperity.  Nor  is  the  period 
very  remote  when  the  coal  districts,  which  at  present  supply  the 
metro|>olis  with  fuel,  will  cease  to  yield  any  more.  The  annual 
quantity  of  coal  shipped  in  the  rivers  Tyne  and  Wear,  according 
to  Mr.  Bailey,  exceeded  lliree  million  ions, 
weighs  nearly  one  ton  ;  and  the  number  of  ti 
of  cool  one  square  mile  in  extent,  and  o 
about  four  millions.  The  number  and  ei 
coal-beds  in  Northumberland  and  Durhai 
these  data  it  has  been  calculated,  that  the  coal  in  these  counties 
will  last  360  years,  Mr.  Bailey,  in  his  Survey  of  Durham,  states, 
that  one-third  of  the  coal  being  already  got,  the  coal  districts  will 
be  exhausted  in  200  years.  Jt  is  probable  that  many  beds  of  in- 
ferior coal,  which  are  now  neglected,  may  in  future  be  worked ;  but 
the  consumption  of  coal  being  greatly  increased  since  Mr.  BaUey 
published  his  Survey  of  Durham,  we  may  admit  his  calculation  to 
be  an  approximation  to  the  truth,  and  that  the  coal  of  Nortliumber- 
land  and  Durham  will  be  exhausted  in  a  period  not  greatly  exceeding 
200  years.  Dr.  Tliomson,  in  the  Annals  of  Philosophy,  lias  calcu- 
lated that  the  coal  of  these  districts,  at  tlie  present  rate  of  con- 
sumption, will  last  1000  years  ;  but  his  calculations  arc  founded  on 
data  manilcBtly  erroneous,  and  at  a  variance  witli  his  own  state- 
ments :  for  he  assumes  the  annual  consumption  of  coal  to  be  only 
two  million  eight  hundred  thousand  tons,  and  the  waste  to  be  one- 
third  more,  —  making  three  million  seven  hundred  thousand  tons, 
equal  to  as  many  square  yards ;  whereas  he  has  just  before  in- 
formed us,  that  two  million  chaldrons  of  coal,  of  two  tons  and  a 
quarter  each  chaldron,  are  exported,  making  four  million  five  hun- 
dred thousand  tons,  beside  inland  consumption,  and  waste  in  the 
working,"  According  to  Mr.  Winch,  three  million  five  hundred 
thousand  tons  of  coal  are  consumed  annually  from  these  districts  ; 
to  which  if  we  add  the  waste  of  small  coal  at  the  pit's  mouth,  and 
the  waste  in  the  mines,  it  will  make  the  total  yearly  destruction  of 
coal,  nearly  double  the  quantity  assigned  by  Dr.  Thomson.  Dr. 
Thomson  has  also  greatly  overrated  the  quantity  of  the  coal  in 
tliese  districts,  as  he  has  calculated  the  extent  of  the  principal 
beds  from  that  of  tlie  lowest,  which  is  erroneous;  for  many  of  the 
principal  beds  crop  out,  before  they  reach  the  western  termination 


•  The  waste  ot  coal  at  the  pit'B  inouth  may  be  stated  at  one-sixth  of 
tht  quantity  sold,  slid  tbot  in  the  iiiiniii  at  one-third,  Mr.  Holmes,  in  his 
Trentise  on  Cunl  Miiie<i,  states  the  waste  of  small  cool  at  the  pit's  modth 
lu  lie  oiie-fourili  of  the  wUc)lr. 
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'Oal'Selds.  WiUi  <Iup  itllowancc  for  thew  error*,  uitl  fur 
the  quaniit}r  of  coal  already  wurktd  out  (wlncli,  according  U»  Mr. 
BaUcy,  i«  about  one-Uiird),  (he  I (XK)  years  of  l>r.  llioniMii  will  mil 
greatly  eiccced  the  period  a»*i^iii?d  by  Mr.  llailcy  for  the  cuni|>U:tt) 
exhaustion  of  coal  in  thcKc  cuiintiea,  and  niay  be  Mat«d  at  350 
year*. 

It  cannot  be  dttunied  uninteresting  to  enquire,  what  ore  thfl  re- 
positories of  coal  tliai  can  mpjily  the  meironoli*  and  the  Mutbrm 
raunbe*!  when  do  more  con  be  obtuine<l  Ifom  tJie  lyne  and  tb« 
Wear.  The  only  cool-fields  of  any  uKtvnt  on  the  canti'm  *ide  of 
En^and  between  Lonilan  uml  Durlinm,  arc  tho«c  of  l)tTby«hire, 
soa  those  in  the  weit  riding  of  Vorksliirc.  The  Derbyshire  cnal- 
IfUd  is  not  of  Buificieut  magnitude  to  Mipply,  fnr  any  long  period, 
^faOK  tikau  if  reiiuired  fur  liuine  consumption,  and  thut  of  ttk.-  adja- 
BpM  counlics.  'llitri'  are  many  valuubic  beds  of  coal  in  ui« 
matom  part  of  the  west  riding  of  Yorkidiire  which  are  yet  un- 
wrought ;  but  the  time  is  not  very  distant  when  iliey  must  be  put 


D  rtKjuisition,  to  supply  the  vast  demand  of  that  pOf)uluu«  n 
Bcturing  county,  which  at  prcstnt  cou&umts  nearly  all  the  pre 
of  its  own  cool  mines.     In  the  midlund  cuuuliev,   Stoflurdidiire 


pocsesse*  the  o^irest  coal  district  to  the  nu'Uopolis,  of  any  k^vm 
extent ;  but  such  is  tlie  immense  daily  ronsimiption  of  coal  in  iha 
iron-fumacea  and  founderieK,  that  it  is  generally  Ifolicvcd,  this  will 
be  the  firat  of  our  own  cool-fidds  tltat  will  be  txhnustcd.  Tbc 
thirlj--fect  bed  of  coal  in  Dudley  coal-firld  is  of  limited  extent: 
and  m  the  present  mode  of  working  it,  more  tluin  two-thirds  of 
the  oooJ  is  wasted  unil  Icfl  in  thu  mine. 

If  wc  look  to  Whit^-'ltaven  or  Lancashire,  or  to  any  of  the  minor 
ooal-Jicldi  in  the  west  of  England,  we  cun  derive  little  hope  of  tlicir 
being  able  to  fiupply  I-<ondon  and  the  southern  counties  witli  coal, 
after  the  im[>ort  of  coal  failx  from  Northiimbi-rlnnd  and  Durhuni. 
We  may  tlius  anticipate  a  period  not  very  rtmole,  when  all  the 
En^tsh  mines  of  cool  and  ironstone  will  be  ekhnusted :  and  were 
we  disposed  to  indulge  in  gloiuny  forebodings,  like  the  ingenious 
authoress  of  the  "  Last  JMan,"  we  might  draw  a  mdaneholy  pic- 
ture of  our  starving  and  declining  population,  and  describe  sonie 
msnuracturing  patriarch,  like  the  late  venerable  Kiclinrd  Keynolds, 
tra*elli[tg  to  see  the  lust  expiring  Englifiti  furnace,  before  he  emi- 
grated to  distant  regions." 

■  The  late  Hiehsril  KeyrmtJi,  Esq.  of  Bristol,  m  ili»rincui»licd  for  his 
unbounileil  benevolence,  won  the  uri|{inul  j>ruprietur  of  tlic  great  iron- 
worki  in  Colclirook  Dole,  Shropsliire.  Owii^;.  I  lielicvi^  pnnly  to  the 
eiUiauation  of  the  best  worksbii.'  lioU  of  coal  nnd  ironslone,  and  partly  to 
the  MiiK-riar  advuntap'*  poskcsscd  by  the  iron-EuiinJcTB  in  Soutli  Wales, 
the  Works  U  Culetirook  Dnle  were  finally  relini|uinhe>l,  b  short  time  before 
the  death  of  Mr.  Kcynoltls.  Witli  a  n^tiinjl  ottachmcnt  U)  tlie  scenes 
where  be  hiul  jossed  hi«  cnrly  yeiirs,  sn<l  to  the  puniiitt  by  which  he  had 
honourably  acqiiiml  his  f^eat  wmIeIi,  he  imvclicd  froni  Bristol  into  Shrup- 
nhirr,  to  Iw  present  wlien  the  tiisl  of  his  funiaecu  wns  rtlinBiiiihi'l.  in  a 
nU^   where  they  had  been   eonlinuully  burning,  for  wore  than  luilf  a 
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Fortunately,  however,  we  have  in  South  Wales,  adjoining  the 
Bristol  Channel,  an  almost  exhaustless  supply  of  coal  and  ironstone, 
which  are  yet  nearly  unwrought.  It  has  been  stated  in  the  present 
chapter,  that  this  coalfield  extends  over  about  twelve  hundred 
square  miles,  and  that  there  are  twenty-three  beds  of  workable 
coal,  the  total  average  thickness  of  which  is  95  feet,  and  the 
quantity  contained  in  each  acre  is  100,000  tons,  or  65,000,000  tons 
per  square  mile.  If  from  this  we  deduct  one  half  for  waste,  and  for 
the  minor  extent  of  the  upper  beds,  we  shall  have  a  clear  supply  of 
coal,  equal  to  32,000,000  tons  per  square  mile.  Now,  if  we  admit 
that  the  five  million  tons  of  coal  from  the  Northumberland  and 
Durham  mines  is  equal  to  nearly  one- third  of  the  total  consumption 
of  coal  in  England,  each  square  mile  of  the  Welsh  coal-field,  would 
yield  coal  for  two  years'  consumption ;  and  as  there  are  from  one 
thousand  to  twelve  hundred  square  miles  in  this  coal-field,  it  would 
supply  England  with  fuel  for  two  thousand  years,  afler  all  our  Eng- 
lish coal  mines  are  worked  out. 

It  is  true,  that  a  considerable  part  of  the  coal  in  South  Wales  is 
of  an  inferior  quality,  and  is  not  at  present  burned  for  domestic 
use ;  but  in  proportion  as  coal  becomes  scarce,  improved  methods 
of  burning  it  will  assuredly  be  discovered,  to  prevent  any  sul- 
phurous fumes  from  entering  apartments,  and  also  to  economise 
the  consumption  of  fuel  in  all  our  manufacturing  processes. 

N.B.  These  observations  are  taken  from  one  of  the  author's  geo- 
logical lectures,  which  he  has  occasionally  delivered  in  some  of^  the 
principal  mining  districts  in  England :  considering  the  great 
national  importance  of  our  coal  mines,  he  trusts  he  shall  be  ex- 
cused for  inserting  them  in  the  present  volume. 


CHAP.  IX. 

ON  UNCONFORMABLE  THAI'  ROCKS  AND  BASALTIC 
DYKES. 

IXfTerenl  Potitinnit  nf  Trap  Rock«,  ns  overlying,  imbedded,  or  inter* 
•ecting  other  Rock*. —  Varieties  of  Trap  Ilocki.  — Poniliyry, 
Porphjrriiic  Trap,  Sicnite.  Greenstone.  Cliiikklone,  ttasklt, 
Amygilaloid.  and  W«clcc.  —  FasMgo  hy  Uradatiun  iuio  eacJi 
other,  and  into  Volcanic  niitl  Granitic  RockB.  —  Remarkable 
Instance  of  this  Parage  at  Chrititianin  in  N'orway.  —  Mountain! 

of  Porphyritic  Trap  and  Clinkstone  witli  deep  Crnicrs High 

Slile,'Cuniber1anJ;  Cuder  Idri«.  Monmouthshire. — Itumltic  Dykes: 

Extent  of  the  ClevckuiU   Busult  Dyke Isobt<.-d  Cups  of  lia- 

lalt.  —  On  inlcrslralififd  Busiill.  —  Remarks  of  IVofe.iHir  Sedg- 
wick on  the  I'rotrukion  of  Basiall  between  regular  SiraU.  —  On 
coluinnar  Rnngea  of  Daault.  —  Organic  Remains  cnTeloprd  in 
Basalt. —  Heniarkabli-  Baaaltic  Diilricts  in  Europe  and  Anirricji. 

'  —Experiments  on  itasalt.  —  Tlicory  of  Werner.  —  On  tlic  reln- 
Ite  Age  of  Trap  Kocks. 


Tie  elau  of  rock*  almut  to  be  detcribed  m  the  premnt  eAapltr,  are 
extremely  inlerritiny  to  the  geuhtgist^  at  ihtj/  prrtrtil  him  rritA  drcided 
iitdifoiioni  of  their  iiriffia  aiid  mode  of  formation.  Tity  not  oniy 
'*  rwfea/  the  tecrrf  of  their  birth,"  but,  from  their  dote  alliance  to  many 
^  the  tnatt  ancient  primary  roehs,  they  ditclott-  the  opntilioni  by 
which  a  Utrge  purtiiin  of  the  earth's  turface  tern  eomtoliilatrtl,  in  the 
mo*t  remote  ^ohtyieat  rpoeh».  Uttny  of  the  Irnp  rovks  are  lo 
timilar  in  ttrudure  and  rompotitirm  to  the  prodnrls'of  active  voi- 
can<M»,  and  lo  bed*  of  lara  erupted  in  our  own  timet,  that  wr  may  be 
Mtid  lo  tee  the  very  cause  in  nprraiion,  by  lehich  they  liirr*  format. 


Many  of  the  trap  rorh*  tfrc  alto  mo  limilar  in  ttruclurt  and  romnon 
to  tome  of  the  mott  ancient  primary  rocit,  that  tee  eon  tcareely  di 
retpectiny  their  having  had  the  tame  origin,  though  they  may  hare 


been  contolidated  under  different  degrees  qjf  heat  or  jtrttture,  arid  with 
different  attendant  eoiubtioiit.  The  name  Trap  it  deritvdfrom  the 
■Swedish  word  trappa,  a  tlair,  and  hat  been  given  to  rocit  of  thit 
etatt.  beftiute  many  of  them  divide  into  regtdar  formt  retrmbltng  the 
steps  of  stairs.  Whrtlier  the  term,  imilt  literal  trnte,  it  icrtl  chosen  at 
a  yenrrie  name,  may  be  doubted ;  but,  taken  nuiajthorically,  it  it  tx- 
tremdy  aj^mmriate,  tu  ihete  rockt  offer  a  terict  i^'  gradatiottt  or 
slept,  over  tehieh  the  geologist  may  safety  travel  in  hit  tptcutatioHs, 
from  the  lava  of  Etna,  to  the  granite  of  the  Alps. 


To  obtain  a  correct  knowledge  of  trap  rocks,  the 
student  should  Hr.st  acquire  a  clear   idea  uf  their 
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position.  When  primary  and  transition  rocks  form 
distinct  beds,  they  are  generally  arranged  conform- 
ably, or,  in  other  words,  the  upper  beds  are  moulded 
upon  the  lower,  and  have  the  same  elevations  and 
depressions,  as  represented  Plate  III.  fig.  1. 

Trap  rocks,  on  the  contrary,  are  found  on  the 
surface  in  overlying,  unconformable  masses,  or  are 
imbedded  in  other  rocks,  or  intersect  them,  rising  like 
a  wall,  and  breaking  the  continuity  of  the  strata. 
Such  walls  are  called  dykes.  Trap  rocks  that  are 
imbedded,  seldom  preserve  the  form  of  regular  strata 
for  any  great  extent,  but  are  extremely  variable  in 
their  thickness ;  in  many  instances,  they  appear  to 
have  been  laterally  protruded  between  regular  strata. 
These  different  positions  of  trap  rocks  are  repre- 
sented Plated  III.  fig.  2.  It  is  obvious  that  these 
unconformable  rocks  were  formed  at  a  period  subse- 
quent to  that  of  the  rocks  which  they  cover  or  in- 
tersect. 

As  the  mineral  composition  of  trap  rocks  is  nearly 
the  same  as  that  of  rocks  whose  igneous  origin  is 
now  undisputed,  we  can  have  little  difficulty  in  ad- 
mitting, that  the  overlying  masses  of  trap  have  been 
poured  over  the  surface  of  the  conformable  rocks  in 
a  state  of  fusion,  like  streams  of  lava  from  recent 
volcanoes ;  with  this  difference,  that  they  were  not 
erupted  from  one  opening  or  crater,  but  from  fissures 
of  great  widtli  and*  many  miles  or  leagues  in  extent, 
and  that  they  were  formed  under  the  ocean.  I  say 
we  can  have  little  difficulty  in  admitting  this,  parti- 
cularly as  such  rents  or  fissures,  filled  with  similar 
matter  to  that  of  the  overlying  unconformable  masses, 
are  often  discovered  in  their  vicinity. 

IVap  rocks,  however,  are  not  unfrequently  ob- 
served  imbedded  between  strata  of  aqueous  form- 
ation :  here  their  origin  appears  more  obscure.  In 
many  of  these  instances  we  may,  without  difficulty, 
admit  tliat  these  trap  rocks  were  formed  by  submarine 
volcanoes,  which  have  poured  beds  of  lava  over  the 
limestone ;  another  bed  of  limestone  may  have  been 
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subsequently  formed  over  the  lava,  and  this  lime- 
stone may  also  have  been  covered  by  the  lava  of  a 
later  eruption.  In  this  manner  the  alternation  of 
beds  of  basalt,  or  basaltic  amygdaloid,  with  limestone 
in  Derbyshire,  may  admit  of  a  probable  explanation. 
See  Plate  IV.  fig.  5.  e.  e.  beds  of  trap  between  beds 
of  mountain  limestone  a.  a. 

On  the  southern  side  of  Etna  there  are  several 
beds  of  undoubted  lava  alternating  with  limestone, 
as  will  be  more  fully  stated  hereafter.  In  some  in- 
stances,  however,  the  basalt  or  trap  has  evidently 
been  protruded  between  the  strata,  after  the  period 
when  the  latter  were  deposited. 

Before  we  proceed,  it  may  be  proper  to  remark, 
that  there  are  certain  porphyritic  rocks  bearing  the 
general  character  of  trap  rocks,  which  are  associated 
with  slate  rocks,  and  appear  to  pass  by  gradation  into 
them.  We  cannot  suppose  that  they  have  been 
erupted  like  lava,  or  protruded  into  the  slate  :  they 
have  probably  been  soflened  by  subterranean  heat 
with  the  slate  in  situ ;  but  from  difference  of  com- 
position, or  different  degrees  of  temperature,  these 
beds  may  have  had  a  greater  facility  in  acquiring  a 
porphyritic  texture.  A  remarkable  instance  of  the 
passage  of^  slate  into  porphyry  will  be  noticed  here- 
after. 

If  we  sufficiently  keep  in  view  that  the  crust  of 
the  globe  with  which  we  are  acquainted,  does  not 
exceed,  in  comparative  thickness,  that  of  a  wafer  to 
an  artificial  globe  three  feet  in  diameter;  and  that 
a  very  large  portion  of  the  globe  is  now  or  has  in 
ancient  times  been  rent  and  pierced  through  by  ac- 
tive volcanoes,  and  that  these  volcanoes  are  not  the 
seat  of  subterranean  fire,  but  merely  its  chimneys,  we 
shall  have  no  difficulty  in  admitting,  that  extensive 
parts  of  the  crust  of  the  globe,  far  distant  from  any 
present  volcanoes,  may  have  been  soflened  by  inter- 
nal heat,  and  the  more  fusible  beds  partly  crystallized 
in  silUy  under  the  pressure  of  the  ocean. 

With  respect  to  the  overlying  formations  which 
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pass  bv  gradation  into  priman'  recks  (as  some  por- 
phyries allied  to  volcanic  rocks  pass  into  granite), 
this  fact,  so  far  from  pro\*ing  that  the  porphyry  was 
not  of  igneous  origin,  tends  strongly  to  confirm  the 
hypothesis,  which  attributes  an  igneous  formation  to 
granite  itself.*  It  is  granted  by  the  best  observers, 
that  a  re2:ular  gradation  mav  be  traced  between 
granite  and  the  more  ancient  volcanic  rocks,  and 
that  there  is  likewise  a  gradation  between  the  pro- 
ducts of  ancient  and  recent  volcanoes,  of  which  we 
shall  afterwards  treat  more  fully.  It  will  be  proper, 
before  we  proceed,  to  state  the  mineral  composition 
of  trap  rocks.  Felspar  and  hornblende,  see  Chap.  III., 
constitute  the  principal  ingredients  of  trap ;  in  many 
trap  rocks  the  mineral  called  augite  is  intermixed 
with  felspar :  indeed,  hornblende  and  augite  resem- 
ble each  other  so  much  in  chemical  composition, 
and,  when  uncrjstallized,  in  external  character  also, 
that  they  have  till  recently  been  confounded  together, 
and  they  oiler  occur  together  in  the  same  rock. 
These  compounds  of  felspar  and  hornblende,  and 
felspar  and  augite,  chiefly  form  the  different  rocks 
called  greenstone,  sienitic  greenstone,  basalt,  clink- 
stone,  pitchstone,  wacke,  and  amygdaloid  ;  and  also 
trap-porphyry,  and  pitchstone-porphyry.     All  these 


•  However  highly  and  justly  distinguished  many  of  the  natural 
philosophers  in  France  may  be,  it  cannot  be  denied  that  they  ad- 
here more  closely  to  theories  once  formed,  and  have  a  greater 
dread  of  thinking  for  themselves^  than  the  philosophers  of  other 
countries.  In  confirmation  of  this,  I  shall  translate  an  extract 
from  M.  Bonnard*s  Aper^u  Geognostique  des  Terrains.  It  is  truly 
amusing  to  see  the  alarm  which  he  evinces,  lest  he  should  be  com- 
pelled by  stubborn  facts  to  relinquish  his  cherished  theories.  — 
*'  Anotlfer  species  of  difficulty  should  prevent  every  prudent  man 
(esprit  sage)  from  attempting  to  explain  the  formation  of  these 
rocks  of  trachyte  by  any  hypothesis  founded  on  volcanic  action; 
namely,  the  alarming  extent  of  the  consequences  which  may  follow 
such  an  explication,  relative  to  other  rock  formations,  hitherto  re- 
garded as  having  a  very  different  origin."  With  great  respect  for 
M.  Bonnard,  I  would  say.  Let  every  esprit  sage  yield  to  the  evi- 
dence which  Nature  presents,  and  leave  consequences  and  theories 
to  take  care  of  themselves. 
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rocks  may  be  regarded  as  different  modes  and  com- 
binations  of  felspar  with  hornblende  or  augite,  dif- 
fering chiefly  in  their  internal  structure. 

When  hornblende  and  felspar  are  intermixed,  and 
have  a  granitic  structure,  they  form  wliat  is  gene- 
rally called  greenstone ;  and  if  the  felspar  be  red, 
sienitic  greenstone.  When  hornblende  and  felspar, 
or  augite  and  felspar,  are  intimately  combined  and 
finely  granular,  they  form  basalt.  The  French  geo- 
logists make  a  distinction  between  the  basalt  in 
which  augite  prevails,  and  that  which  is  composed 
of  felspar  and  hornblende ;  but  it  is  admitted  that 
where  the  structure  is  finely  granular,  or  nearly  com- 
pact,  it  is  difficult,  if  not  impossible,  to  distinguish 
them. 

Basalt  has  a  greenish  or  brownish  black  colour,  is 
diflScult  to  break,  and  possesses  a  considerable  de- 
gree of  hardness  ;  it  will,  however,  yield  to  the  point 
of  a  knife.  On  examination  with  a  lens,  even  the 
more  compact  varieties  of  basalt  are  seen  to  be  com- 
posed of  minute  crystalline  grains;  it  frequently 
contains  yellowish  grains  of  a  mineral  called  olivine; 
it  contains  also  grains  of  iron-sand,  and  a  consider- 
able portion  of  the  black  oxide  of  iron.  Basalt  is 
fusible  into  a  black  glass,  and  is  magnetic.  The 
iron  which  it  contains  passes  into  a  further  state  of 
oxygenation  when  exposed  to  the  air :  hence  basaltic 
rocks  are  generally  covered  with  a  reddish  brown  in- 
crustation. Very  black  basalts  are  chiefly  composed 
of  augite. 

Soft  earthy  basalt,  intermixed  with  green  earth, 
forms  the  rock  called  xcac/re ;  it  has  frequently  a 
greenish  colour.  When  basalt  or  wackc  contains 
rounded  cavities,  filled  with  zeolites,  chalcedony,  or 
calcareous  spar,  they  form  amygdaloid.*  When  the 
felspar  greatly  prevails,  and  the  texture  becouKs 
nearly  compact,   basalt  passes  into  the  rock  called 

*  The  names  Porpliyry  and  Amygdaloid  rather  represent  modes 
than  substances,  and  convey  no  precise  ideas,  unless  the  nature  of 
the  base  be  specified. 
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phonolite  or  clinkstone,  from  its  yielding  a  metallic 
sound  when  struck :  the  prevailing  colour  is  gn^ 
and  greenish  gray ;  it  is  fusible.  Clinkstone,  when 
it  has  a  more  earthy  texture,  passes  into  the  rock 
called  by  English  geologists  claystone.  Clinkstone 
often  contains  imbedded  crystals  of  felspar,  and  then 
becomes  a  trap- porphyry,  which  varies  in  colour  ac- 
cording to  the  prevailing  ingredients  of  its  base. 
Between  felspar-porphyry  and  trap-porphyry  there  is 
an  almost  imperceptible  transition ;  in  the  former, 
the  base  or  paste  is  felspar,  nearly  pure.  Some  fel- 
spar porphyries  pass  gradually  into  granite,  by  an 
intermixture  with  quartz  and  mica. 

Pitchstone  has  a  blackish  green,  or  a  nearly  black 
colour;  it  is  a  semivitreous  substance,  having  the 
lustre  and  appearance  of  pitch,  and  does  in  feet 
contain  a  portion  of  bitumen ;  its  other  constituent 
parts  are  the  same  as  those  of  basalt ;  it  approaches 
nearly  to  the  black  volcanic  glass  called  obsidian, 
which  is  a  lava  suddenly  refrigerated  and  perfectly 
vitrified.  Pitchstone  and  obsidian  are  sometimes 
porphyritic.  Hence  we  have  on  the  one  hand  a 
series  of  rocks,  (varying  only  in  the  increase  of 
felspar,  and  state  of  induration,)  from  granular  basalt 
to  clinkstone  and  claystone,  from  clinkstone  to  trap- 
porphyiy,  from  trap-porphyry  to  trachyte  and  fel- 
spar-porphyry, and  from  felspar-porphyry,  with  the 
further  admixture  of  mica  and  quartz,  to  granitic 
porphyry  and  granite.  On  the  other  hand,  from 
granitic  greenstone  there  is  a  transition  to  sienite, 
and  from  sienite  to  true  granite.  Again:  in  the 
volcanic  districts  of  Auvergne,  we  see  scoriaceous 
lava  become  more  compact,  and  at  length  pass  into 
well  characterised  black  basalt,  with  the  columnar 
structure.  In  other  situations,  currents  of  lava  form 
obsidian  or  volcanic  glass;  and  between  basalt,  phono^ 
lite,  and  pitchstone,  there  is  an  almost  imperceptible 
gradation. 

Thus  it  may  be  seen  that  the  whole  family  of  trap 
rocks  have  on  the  one  hand  a  close  alliance  witn 
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dcauic  rocks }  and  on  the  other,  with  tlio  more 
ancient  rocks  ot" porphyry  and  granite. 

The  gradation  of  trap  rock,  having  in  somo  parts 
a  volcanic  character,  into  true  granite,  has  been 
described  by  Messrs.  Hausmann  and  Von  Biich  as 
distinctly  observable,  and  well  marked,  in  a  mountain 
near  Christiania  in  Norway.  The  lower  rocks  arc 
gneiss;  over  tliis  occurs  dark  slate;  and  in  the  slate 
are  several  beds  of  blackish  limestone,  containing 
trilobites,  and  also  ortlioceratitcs  neveral  feet  in 
length,  with  other  marine  organic  remains.  In  some 
parts,  a  bed  of  gritstone  or  greywacke  rests  on  the 
slate.  The  whole  of  these  beds  are  covered  bv  an 
enormous  mass  of  porphyry,  varying  in  thickness 
from  1600  to  2000  feet.  The  porphyry  is  of  asmoke 
gray  colour,  but  is  reddish  in  some  parts;  it  is 
compact,  and  moderately  hard,  and  contains  large 
crystals  of  white  ietspar,  and  crystals  of  quartz, 
epidote,  hornblende,  iron  pyrites,  and  magnetic  iron 
ore.  In  the  lower  part  of  the  bed  the  por|ibyry 
becomes  vesicular,  and  clianges  into  an  amygtialoidal 
basalt,  containing  crystals  of  augite.  Near  the  sea, 
vast  dykes  of  this  porphyry,  more  than  thirty  yards 
in  width,  are  seen  cutting  through  the  slate  and 
beds  of  limestone.  Jn  another  part  of  the  country, 
at  Holmestrand,  the  same  mass  of  porphyrv,  covering 
beds  of  sandstone,  is  seen  to  pass  in  the  lower  part, 
by  almost  insensible  gradations,  into  a  hai'd  fine- 
grained black  basalt,  containing  brilliant  crystals  of 
augite :  in  the  upper  ])art  of  the  bed,  the  poqihyry 
passes  into  a  sicnitc  of  singular  beauty,  containing 
crystals  of  zircon  ;  and  above  this,  the  sicnitc  passes 
into  common  granite-  The  dykes  of  porphyry  cutting 
through  the  slate  rocks,  indicate  tlie  nimlc  of  fonn- 
:UJon  of  this  porphyry,  in  a  manner  not  to  be  mix- 
takeo  by  those  who  are  acquainted  with  the  basaltic 
dykes  in  the  northern  parts  of  Great  Britain.  These 
dykes  were  doubtless  the  fissures  through  which  this 
vast  mass  of  porphyry  had  been  poured  out  over  the 
altterodta.  though  Messrs.  Hausmann  and  Von  Bucb 
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describe  them  as  veins  descending  from  the  porphyry. 
The  reader  may  form  a  more  distinct  idea  of  the 
position  of  this  porphyry  and  its  relation  to  the  sub- 
jacent rocks,  which  are  intersected  by  dykes  of  the 
same  porphyry,  from  Plate  III.  fig.  2.  a. 

Had  M.  Von  Buch  seen  this  remarkable  mass  of 
porphyry  at  Christiania,  after  his  visit  to  the  basaltic 
districts  in  England,  he  would,  I  am  persuaded,  have 
at  once  recognised  the  agency  of  subterranean  fire 
in  its  formation.     I  saw  this  eminent  geologist  soon 
after  his  return  from  Cumberland  and  Westmoreland ; 
and  if  I  recollect  distinctly  his  opinion  respecting 
the   mountains  of  porphyritic  trap   and   clinkstone 
intermixed  with  slate  in  these  counties,  it  was,  that, 
they  bore  a  striking   resemblance  to  some   of  the 
most  ancient  volcanic  mountains  in  Auvergne,  and 
that,  like  them,  they  had  been  softened  in  sUu^  and 
elevated  by  subterranean   heat.     The   operation  o£ 
Igneous   agency  in   these   mountains   is   much  Jess: 
evident  than   in   the   porphyry  of  Norway,  if  the 
description  given  of  it  be  correct.     The  only  por- 
phyry occurring  in  unconformable  beds  that  I  have 
seen  in  Cumberland  or  Westmoreland,  covers  part  of 
a  mountain  of  coarse  slate,  on  the  right-hand  side  of 
the  road  going  from  Kendal  to  the  granite  mountain 
of  Shap.     It  forms  a  nearly  horizontal  bed  composed 
of  red  felspar,  which  has  an  earthy  texture,  and  con- 
tains crystals  or  grains  of  quartz;    it  is  what  the 
French   would   denominate   a   red   trachyte.     Con- 
siderable fragments  of  the  same  rock  are  scattered 
in  the  adjacent  valleys,  proving  that  at  a  former 
period,   this  poiphyry  was  more  extensively  spread 
over  that  district.     A  red  porphyritic  felspar,  nearly 
similar  in  composition  and  appearance,  forms  the  top 
of  the  mountain  called  Red  Pike  above  the  Lake  q£ 
Buttermere   in    Cumberland.      Closely   adjacent  to 
Red  Pike,  and  forming  part  of  the  same  ridge,  is  the 
mountain  called  High  Stile.     Between  the  summits 
of  these  mountains  is  a  deep  crater  witli  a  small  lake 
*vn  at  the  bottom  of  it :  the  sides  of  this  crater 
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Tery  steep;  it  is  partly  siirronntlec!  by  rntte 
columns  of  cliiikstone  on  one  side ;  tlic  |K>q)hyritic 
felspar  of  Red  Pike  forais  the  otJier  side.  The 
clinkstone  has  3  smooth  conchoida)  fracture  anil  a 
greenish  grey  colour;  it  contains  small  cnstaU  of 
fbUpar,  and  Is  slightly  translucent  on  tlic  edgeA  imd 
very  fusible;  it  is  highly  sonorous  when  struck  with 
a  hammer.  The  height  of  High  Stile  is  Sl(X)  feet 
above  the  level  of  the  sea;  the  depth  of  the  crater  in 
about  500  feet;  the  side  nearest  the  Lake  of  Butter- 
mere,  by  which  alone  it  can  be  entered,  is  partly 
open.  Situated  as  it  is  on  the  suniniit  of  a  very 
narrow  steep  mountain  range,  that  divides'the  valley 
of  Buttermere  from  Ennerdale,  no  eoiiceivahle  oper- 
ation of  water  could  have  scooped  out  the  crater, 
and  the  bed  of  the  lake  within  it. 

Though  the  rocks  which  snrnHmd  this  crater  are 
dosely  allied  to  volcanic  rocks,  and  have  probably 
been  subjected  to  the  agency  of  subterranean  fire, 
yet  the  crater  is  not  composed  of  lava  and  scoria", 
like  that  of  moderm  volcanoes,  fader  Idris,  in  Mcri- 
onctlishire,  is  similar  in  composition  and  structure  to 
High  Stile;  it  has  also  a  deep  crater,  with  a  sm.itl 
bke  at  the  bottom.  The  opinion  of  Von  Buch,  that 
some  volcanic  mountains  have  been  upheaved  bodily 
in  a  solid  mass,  would,  if  admitted,  elucidate  the 
formation  of  these  mountains:  the  craters  may  not 
have  ejected  lava,  but  may  have  served  for  vetits  to 
tlie  elastic  fluids  or  steam  thai,  combined  with  heat> 
were  the  agents  hy  which  the  mountain?)  were  up* 
heaved ;  or  we  may  suppose  the  craters  to  be  formed 
by  a  partial  sinking  down  of  tlie  snmmits,  when  the 
mountains  were  still  softened  by  heat.  It  may,  how- 
ever, deserve  the  future  enquiry  of  geologists,  whether 
the  red  felspathic  trachyte  on  one  side  of  the  crater 
of  High  Stile,  which  flinns  Ited  Pike,  and  extends 
over  the  mountain,  may  not  once  have  Howed  as  lava. 

Many  mountains  in  Cumberland  and  Westmore- 
land are  composed  of  poiphyritic  trap,  passing  into 
III  a  deep  ravine  of  Swarthtell  in  Cum- 
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berland,  opposite  the  seat  of  J.  Marshall,  Esq.  the 
mountain,  which  is  here  composed  of  clinkstone,  pre- 
sents the  columnar  structure  on  a  magnificent  scale ; 
the  columns  are  slightly  bent  and  inclined. 

Porphyry,  from  an  intermixture  with  hornblende, 
frequently  passes  into  sienite ;  when  this  is  the  case, 
the  latter  rock  generally  forms  the  upper  part  of  the 
mass.  Porphyry  and  basalt,  in  enormous  masses^ 
often  cover  the  primary  mountains  in  the  Andes. 
According  to  Humboldt,  "  they  are  arranged  in  re- 
gular columns,  which  strike  the  eye  of  the  traveller 
like  immense  castles  lifted  into  the  sky.*'  Some 
geologists  describe  four  formations  of  porphyry ;  but 
this  division  is  purely  theoretical,  as  those  who  admit 
it,  agree  that  the  different  formations  of  porphyry 
frequently  pass  into  each  other;  and,  from  the  evident 
connection  of  porphyry  and  basaltic  with  igneous 
rocks,  it  naturally  follows,  that  such  transitions 
must  take  place.  Many  porphyritic  rocks  may  be 
reirarded  as  more  ancient  than  basaltic  rocks,  as 
porphyry'  frequently  occurs  intermixed  with,  or 
covering,  transition  rocks,  and  basalt  is  most  com- 
monly associated  with  the  secondary  strata.  I  am 
informed  by  IVofCvSsor  Sedgwick,  that  the  porphyry 
of  the  Cheviot  Hills  has  produced  frequent  and 
groat  dislocations  of  the  beds  in  its  vicinity.  We 
have  few  instances,  beside,  that  I  am  acquainted  with, 
in  Kngland  or  Wales,  of  eruptions  of  well  defined 
porphyry :  they  are  not  uncommon  in  Scotland  and 
in  the  Alps.  We  shall  proceed  to  describe  the 
phenomena  presented  by  trap  rocks,  of  which  there 
are  numerous  striking  examples  in  Great  Britain  and 
Ireland. 

In  describing  the  phenomena  presented  by  any  of 

the  trap  rocks,  we  describe  those  peculiar  to  every 

member  of  the   trap   family.     Were  it  allowed  to 

express  a  geological  fact  in  familiar  terms,  it  might 

Miid,  that  all  the   members  of  this  family  give 

tions  of  a  fiery  character,  and  of  having  been 

^some  neighbours  to  the  adjacent  rocks,  dis- 
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turbing  them,  and  even  changing  their  nature,  when 
they  are  closely  associated.  Beside  occurring  in 
overlying  unconformable  masses,  all  trap  rocks,  with 
porphyry,  which  may  be  placed  at  their  head,  are 
occasionally  found  intersecting  other  rocks  like  ver- 
tical walls.  It  has  been  before  stated,  that  these 
vertical  walls  are  called  dj/kes, — the  term  dyke  and 
wall  being  synonymous  in  North  Britain.  The  sub- 
stance which  most  commonly  occurs  in  dykes  is 
basalt;  and  as  these  basaltic  dykes  arc  well  known, 
from  their  frequently  intersecting  coal  strata,  we 
shall  now  give  a  description  of  basaltic  dykes,  and 
their  effects  on  the  adjacent  rocks  or  strata. 

The  thickness  of  dykes  varies  from  a  few  inches 
to  twenty  or  thirty  feet  or  yards  ;  in  some  instances 
they  exceed  three  hundred  feet  The  extent  to 
which  they  stretch  across  a  country  has  seldom  been 
explored  beyond  the  mining  districts,  where  a  know- 
ledge  of  them  is  important,  on  account  of  the  disturb- 
ances which  they  occasion  in  the  strata. 

The  intersection  of  coal  strata  by  dykes  is  repre- 
sented Plate  IV.  fig.  2.  and  3.  c.  c.  and  d.  d.  Dykes 
generally  decline  a  little  from  a  vertical  position ; 
and,  as  before  stated,  the  depth  to  which  they  de- 
scend is  unknown. 

The  strata  are  almost  always  thrown  down  on  one 
side  of  a  dyke,  and  elevated  on  the  other ;  but  the 
dislocation  is  not  proportioned  to  its  breadth.  There 
is  a  fault  extending  from  Whitley  in  Northumber- 
land,  to  Greenside  andSandgate  in  Durham,  which 
has  thrown  down  the  strata  on  the  north  side  one 
hundred  and  eighty  yards ;  this  is  a  comparatively 
narrow  fissure  filled  with  clay.  A  great  basaltic  dyke 
in  the  same  county,  which  is  seventeen  yards  wiile, 
has  only  produced  a  dislocation  of  twelve  yards. 

The  whole  series  of  strata  which  have  been  raised 
above  the  surface  on  one  side  of  a  fault,  have  some- 
times entirely  disappeared,  and  the  ground  on  each 
side  of  it  is  on  the  same  level.  See  Plate  IV. 
fig.  2,  3. 
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Trap  dykes  and  liasult  dykes  are  generally  hardrt™ 
tiian  the  rocks  that  they  intersect ;  and  when  the 
latter  ai'e  partly  decomposed  oflcn  remain,  forming 
vast  walls  ol'  stone,  that  rise  above  the  surface  of 
the  ground.  There  are  walls  of  this  kind  in  the 
counties  of  Northumberland  and  Durham,  runnin^j 
along  the  country  several  miles.  Dykes  also  extend 
into  the  sea,  and  Ibrm  reefs  of  rocks ;  and  wbmi 
they  cross  the  beds  of  rivers,  they  tbnn  lords,  and 
sometimes  hold  up  the  water  and  occasion  cascades, 
of  which  there  are  ntnuerous  instances  on  the  river 
Tees.  In  the  interior  of  North  America,  basaltic 
walls  were  discovered  by  Messrs.  Lewis  and  Clark, 
of  great  extent ;  the  walls  were  composed  of  columns 
of  basalt  arranged  horizontally,  and  were  at  first  sup- 
posed  to  be  artificial  constructions.  Where  basaltic 
dykes  are  of  considerable  lliickness,  the  hardness  of 
the  stone  varies  in  different  parts;  sometimes  the 
inner  pacts  arc  harder,  and  sometimes  softer,  than 
the  outer,  the  substance  in  the  dyke  being  divided 
by  seams  or  partings.  This  may  be  distinctly  seen 
at  Coaly  Hill  near  Newcastle-upon-Tyne,  where  a 
large  basalt  or  whin  dyke  cuts  through  the  coal  strata, 
and  rises  to  the  surface.  The  stone  being  hard  is 
quarried  for  the  roads  along  a  line  of  several  liuo- 
dred  yards,  forming  a  deep  trench,  sufficiently  wide 
to  admit  a  cart-road  through  the  quarry,  between  the 
sides  of  the  dyke. 

The  basalt  of  the  dyke  is  intersected  by  fissures, 
and  divided  into  variously  shaped  masses.  In  one 
part  of  the  dyke  it  appears  to  graduate  into  an  indu- 
rated ferruginous  clay,  which  is  in  some  places  di- 
vided into  minute,  well-defined  pentagonal  prisms. 
The  dyke  had  charred  the  coal  on  each  side  of  it, 
and  rendered  it  soil  and  sooty ;  to  use  the  language 
of  a  quarry  man,  who  was  working  in  the  dyke  when 
I  visited  the  place  in  1813,  "it  had  burned  the  coal 
wherever  it  had  touched  it."  Tlie  same  dyke  ex- 
tends from  the  sea  to  the  western  side  of  the  county 
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<^  Northumberland ;  its  termitiation  in  that  direction 
is  unknown. 

The  longest  mineral  dyke  that  has  been  traced  in 
England  may  be  called  the  Cleveland  Basalt  Dyke : 
It  extends  from  the  western  side  of  Durham  to  Bar- 
wick  in  Yorkshire ;  it  crosses  the  river  Tees  at  this 
place»  and  proceeds  in  a  waving  line  through  the 
Cleveland  Hills  in  the  east  riding  of  Yorkshire,  to 
the  sea  between  Scarborough  and  Whitby.  It  rises 
to  the  surface,  and  is  quarried,  in  many  parts  of  its 
course,  for  stone  to  lay  upon  the  roads.  From  Ba- 
wick-on-the-Tees  it  may  be  traced,  in  an  easterly 
direction,  near  the  villages  of  Stanton,  Newby,  Nun- 
thorp,  and  Ayton.  At  Langbath-ridge  a  quarry  is 
worked  in  it ;  it  passes  south  of  the  remarkable  hill 
Called  Roseberry  Toppin,  near  Stokesly,  and  from 
dience  by  Lansdale  to  Kildale ;  it  may  be  seen  on 
the  surface  nearly  all  the  way  in  the  above  track. 
From  Kildale  it  passes  to  Denbigh  Dale  end,  and 
through  the  village  of  Egton-bridgc,  and  hence  over 
Leace  ridge  through  Gothland,  crossing  the  turnpike 
road  from  Whitby  to  Pickering  near  the  seven  mile 
stone,  at  a  place  called  iSillow  Cross  on  a  high  moor. 
I  examined  it  at  this  place,  where  it  is  quarried  for 
the  roads,  and  is  about  ten  yards  wide.  From  hence 
it  may  be  traced  to  Blea  Hill  near  Harwood  Dale,  in 
a  line  towards  the  sea,  near  which  it  is  covered  with 
alluvial  soil ;  but  there  can  be  little  doubt  that  it  ex- 
tends into  the  German  Ocean.  It  is  a  dark  greyish 
brown  basalt  which  turns  brown  on  exposure  to  the 
atmosphere ;  it  is  the  principal  material  for  mending 
the  roads  in  the  district  called  Cleveland.  I  am  in- 
debted  to  Mr.  Bird  of  Whitby  for  an  account  of  the 
situations  where  it  may  be  seen  on  the  surface.  He 
has  traced  it  through  Yorkshire  and  Durham  ;  in  the 
latter  county  it  cuts  through  the  coal  strata.  Pro- 
fessor  Sedgwick,  in  a  valuable  paper  on  the  Trap 
Dykes  of  Yorkshire  and  Durham,  published  since 
this  account  of  the  Cleveland  Basalt  Dyke  was  ori- 
ginally written,  says  that  the  continuity  of  this  dvke 
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with  others  west  of  the  Tees,  is  not  fully  ascer- 
tained :  he  thinks  the  length  of  the  dyke  may  be 
estimated  at  from  fifty  to  sixty  miles.  The  course 
of  this  dyke  is  marked  in  the  Geological  Map  of 
England,  Plate  IV.  By  consulting  the  large  maps 
of  England,  the  course  may  be  distinctly  traced: 
drawing  a  line  in  the  direction  from  Cockfield  in  the 
county  of  Durham  to  Barwick-on-the-Tees,  and  ex- 
tending the  line  east  and  west,  it  will  pass  near  all 
the  places  above  mentioned.  In  some  situations 
where  the  angle  in  which  this  dyke  cuts  the  strata 
can  be  ascertained,  it  is  about  eighty  degrees. 

A  circumstance  attending  this  and  other  extensive 
dykes,  which  has  not,   I  believe,  been  hitherto  re- 
garded   by  geologists,    completely    invalidates   the 
theory,    that   dykes   were    originally   open    fissures 
formed  by  the  drying  or  shrinking  in  of  the  rocks. 
This  dyke  in  its  course  intersects  very  different  form- 
ations, viz.  the  transition  or  metalliferous  limestone, 
the  co;il  district,  and  the  upper  secondary  strata  of 
lias  and  oolite.     The  different  organic  remains  in 
those  formations,  as  well  as  their  position,  prove  that 
they  were  consolidated   at  distant  periods  of  time. 
Luleed  the  geologists  who  maintain  that  dykes  were 
formed  as  before  described,  are  ready  to  admit  the 
distant  a^ras  of  these  formations.     The  transition,  or 
nietallifen>us  limestone,   and  the  lower  strata  must 
have  been  completely  consolidated,  long  before  the 
upper   80ix>nilary   strata   were   deposited;    and   the 
causes  which  miorht  dispose  the  upper  strata  to  shrink 
in.  cannot  U-  supposed  to  act  on  the  lower  locks.    It 
IS  alsv>  to  he  remarked,  that  in  the  lower  rocks,  sita- 
atod  to  the  west,  the  breadth  of  this  dyke  is  more 
hHU    twenty  yar^ls;    but  at  SiUow  Cross,  where  I 

iiv^'^i    '^'  '^  '^  ^^''^  "^^''^^  ^'^^  ^^»  vards :  this  dyke 
M      hoivtoix>    iHxxw  wider  as 'it  descends.     It 

'e   M  r        :  ^^^'^^^'^^^^^  it  would  have  contained  nu- 

Ce  »Sr;i^^r  ^^^  r*^^^  "'^*^»^  *^  intersects. 
^"^^^>  .^  this  ha^saltic  dyke  on  the  different 
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rocks  through  which  it  passes  are  truly  deserving  notice. 
When  it  comes  in  contact  with  limestone,  the  lime- 
stone  is  often  found  p^anular  and  crystalline,  a  fact  the 
geological  importance  of  which  will  be  subsequently 
adverted  to.  Where  it  crosses  the  coal  strata,  and 
comes  in  contact  with  the  scams  of  coal,  the  sub- 
stance of  the  coal  is  for  several  feet  converted  into 
soot  At  a  greater  distance  from  the  basalt,  the  coal 
is  reduced  to  a  coke  or  cinder,  which  burns  without 
smoke,  and  with  a  clear  and  durable  heat.  At  the 
distance  of  fifty  feet  from  the  dyke,  the  coal  is  found 
in  its  natural  imaltered  state.  It  is  particularly  re- 
markable that  the  roof  immediately  over  the  coal  is 
lined  with  bright  crystals  of  sulphur.  In  some  situ- 
ations in  the  same  county,  the  shale,  in  contiguity 
with  basaltic  dykes,  is  converted  into  flinty  slate  or 
jasper,  and  the  sandstone  is  changed  to  a  brick  co- 
lour. There  is  another  great  basaltic  dyke  in  the 
same  district,  which  crosses  the  western  extremity 
of  Durham  from  Allcnheads  to  Burtreeford  on  the 
river  Tees,  hence  called  tlie  Burtreeford  Dyke.  It 
throws  down  the  strata  on  the  west  side  of  it,  one 
hundred  and  sixty  yards. 

Dykes,  being  generally  impervious  to  water,  they 
obstruct  its  passage  along  the  porous  strata,  and 
occasion  it  to  rise ;  hence  it  frequently  happens  that 
numerous  springs  make  their  appearance  along  the 
course  of  a  dyke,  by  which  it  may  be  detected,  when 
there  is  no  other  indication  of  it  visible  on  the  surface. 

Basaltic  dykes  intersect  both  primary  and  secon- 
dary  rocks,  but  they  every  wliere  present  indications 
of  their  action  on  the  adjacent  rocks.  At  Nigg, 
near  Aberdeen,  I  examined  a  basaltic  dyke  on  the 
coast,  which  intersects  a  rock  coni|)()scd  of  gneiss ; 
the  dvke  is  about  thirty  feet  in  width.  Where  the 
basalt  is  in  contact  witli  the  gneiss,  it  becomes  nearly 
compact,  and  approaches  to  the  character  of  horn- 
stone,  and  the  gneiss  has  a  red  and  burnt  aj)pear. 
ance,  ai)proaching  in  its  nature  to  porphyry.  It  is 
probable  that  the  action  of  the  basalt  on  the  sides  of 
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the  gneiss  rock  had  softened  it  and  rendered  it  mote 
liable  to  disintegrate  than  the  other  parts ;  for  the  sea 
has  here  made  an  indentation  inland,  forming  a  deep 
narrow  ravine  or  bay,  with  a  lofty  wall  of  basalt  running 
through  it.  The  wall  of  basalt  completely  divides  the 
bay,  and  the  sea  enters  on  both  sides  of  the  basalt. 
It  has  been  before  observed,  that  when  basaltic  dykes 
extend  into  the  sea,  they  tbrm  reef^  of  rocks,  and 
small  islands.  These  basaltic  walls,  whether  rising 
above  the  surface  of  the  country,  or  extending  into 
the  sea,  serve  to  mark  the  destruction  of  the  land ; 
for  we  are  certain,  that  these  walls  of  mineral  matter, 
were  at  one  period  supported  on  each  side  by  rocks 
or  strata  which  they  have  intersected,  but  which  are 
now  worn  away.  The  Cleveland  basalt  dyke,  it  has 
been  stated,  cuts  through  tlie  transition  limestone ; 
the  coal  strata,  and  tlie  upper  secondary  strata, 
comprising  a  part  of  the  oolite  formation.  On  the 
northern  coast  of  Ireland,  Messrs.  Buckland  and 
Conybeare  discovered  a  considerable  basaltic  dyke, 
passing  through  the  chalk  rocks.  In  the  immediate 
contiguity  of  basalt,  the  chalk  on  each  side  of  the 
dyke  was  rendered  highly  indurated  and  crj'^stalline, 
this  effect  decreasing  as  the  distance  from  the  dyke 
increased. 

The  constant  occurrence  of  dykes  in  basaltic. ililH^ 
tricts,   gives  a  high   degree  of   probability  t&{4ilf^M' 
opinion,    that   overlying  unconformable   trap  ioiclui^ 
have  been  erupted  through  these  dykes  in  a  mehdtf^ 
state  like   lava,    and   have  been    poured  over  the' 
surface  of  the  ground.     Where  extensive   beds   rf 
basalt  occur  in  low  situations,    there  can  be  little 
difficulty  in  admitting  this  mode  of  formation  j  but 
the  frequent  occurrence  of  beds  of  basalt,  forming 
isolated  caps  on  distant  mountains,  Was  for  a  long 
time  considered  as  opposing  completely  the  hypo- 
thesis of  the  igneous  origin  of  basaltic  rocks,     A 
more  attentive  examination  of  basaltic  districts  has 
however  established  the  fact,  that  these  isolated  caps 
of  basalt  are  parts  of  extensive  continuous   beds, 
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whicli  liave  in  remote  ajces  been  excavated  anti 
intersected  by  valleys,  in  tlie  same  manner  as  the 
beds  of  otiier  rocks  wliicli  frequently  Ibrm  inolated 
caps  on  detached  mountains.  Isolated  caps  of  basalt 
are  also  in  some  sitnations  formed  like  caps  of  modern 
lava,  which  extend  to  no  great  distance  from  the  sum- 
mit of  a  volcano.  Professor  Sedgwick  of  Cambridge, 
in  an  interesting  description  of  *'  The  Phenomena 
connected  xvtlh  some  Trap  Di/lces  in  Yorbshire  and 
Durham"  given  in  the  Tnins;ictions|ol'the  Cambridge 
PJiUoMOpliical  .Society,  states  that  "  In  the  quarries 
now  excavating  near  Bolam,  the  vertical  dyke  is  im- 
usually  contracted  in  its  liiniensions;  bul,  on  reaching 
the  surface,  it  undergoes  a  great  lateral  extension, 
especially  on  tlie  soiub-west  side,  so  that  the  works  are 
conducted,  in  a  ]>erpendicular  tiice  of  columnar  trap, 
more  than  two  hundred  feet  wide."  The  drawing 
below  (copied  from  that  of  Professor  Sedgwick)  will 
give  a  distinct  idea  of  this  mode  of  fbrmatioiL  It 
may  be  proper  to  observe,  that  the  dyke  is  a  con. 
tinuation  of  the  Cleveland  basalt  dyke,  which  1  have 
,-Jjelbrc  described.  The  horizontal  measures  through 
iticli  it  passes  are  coal  measures. 
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the  dyke,  than  there  can  be  of  the  origin  of  a  bed  of 
lava,  which  may  be  traced  to  the  month  of  un  aiija- 
tit  volcano. 
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Beds  of  trap  or  basalt,  interstratified  with  other 
foclcs  have  given  rise  to  moch  speculation  respecting 
ibeir  origin:  that  such  beds  are  not  unfrequent  in 
the  coal  measures,  is  a  fact  well  known  to  miners  in 
the  North  of  England.  From  the  great  hardness  of 
trap  beds  (provinciallv  called  beds  of  whinstone) 
thej  increase  the  difficulty  and  expense  of  sinking 
shafts.  These  interstratiried  masses  have  been  fre- 
quentlv  described  as  regular  measures  or  strata.  There 
is  a  thick  bed  of  trap  in  some  of  the  coal-fields  in 
Durham,  called  the  Great  Whinstone  Sill ;  the  word 
sill  being  used  for  stratum  by  Mr.  Westgarth  Forster, 
in  his  section  of  these  strata  published  in  1809-  This 
bed  or  mass  of  whinstone,  though  described  by  Mn 
Forster  as  a  regular  stratum  with  the  series  of  strata 
in  which  it  is  found,  is  admitted  to  vary  in  thickness 
from  twelve  to  sixty  yards.  It  is  found  at  a  great 
depth  in  some  mines,  in  other  situations  it  rises  to 
the  surface.  An  objection  has  been  suggested,  if 
this  bed  be  of  igneous  origin,  in  what  manner  did  it 
become  interstratified  with  beds  that  are  evidently 
aqueous  depositions?  Those  who  first  raised  this 
objection  could  scarcely  have  kept  in  mind,  that 
every  bed  in  the  whole  series  of  the  coal  measures 
was  once  the  upper  surface  of  the  solid  ground, 
whether  that  surface  was  covered  with  water,  or  was 
dry.  An  eruption  of  lava  might  therefore  flow  over 
any  particular  bed  in  the  whole  series,  and  this  lava 
might  become  covered  by  subsequent  aqueous  depo- 
sitions. But  there  is  another  mode  in  which  the  lava 
might  be  introduced  among  the  strata  at  a  later 
period;  it  might  be  protruded  laterally  between 
them.  That  such  lateral  protrusions  have  actually 
taken  place  in  some  instances,  is  proved  by  Dr.  Mac- 
CuUoch's  observations  on  the  coast  of  Scotland, 
where  trap  may  be  seen  forming  beds  between  strata 
of  sandstone,  then  suddenly  cutting  through  the  upper 
strata  and  forming  other  beds  abov^.  See  Plate  HI. 
fig.  3.  where  strata  of  sandstone  are  intersected 
vertically  by  a  dyke  of  basalt,  and  laterally  by  nearly 
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horizontal  beds  of  the  same  basalt.  Professor  Sedg« 
wick  has  bestowed  much  labour  in  investigating  the 
true  position  of  the  Great  Whinstone  Sill,  and  its 
relations  to  the  different  strata  in  its  vicinity,  and  has 
given  a  very  luminous  and  satisfactory  description  of 
the  remarkable  phenomena  which  it  presents,  proving 
unanswerably  the  igneous  origin  of  this  rock. 

It  would  be  doing  great  injustice  to  this  valuable 
paper,  to  attempt  an  abridgment  of  the  detail  of 
interesting  facts  and  arguments  which  it  contains : 
I  shall  briefly  recapitulate  some  of  the  observations. 
The  whin  sill  is  not  a  regular  bed  interposed  between 
the  same  strata  in  different  parts  of  its  range,  but  it 
cuts  through  or  overlies  very  diflferent  strata.  It  has 
had  an  extraordinary  effect  in  converting  beds  of 
shale,  on  which  it  lies,  into  a  porous  slagg;  and  where 
the  whin  sill  comes  in  contact  with  limestone,  the 
limestone  is  converted  into  a  dull  white  granular  and 
crystalline  mass.     (Query  Dolomite?) 

This  conversion  takes  place  not  only  in  the  sub- 
jacent limestone,  but  sometimes  on  the  limestone 
which  covers  the  whin  sill,  —  a  fact  deserving  particu- 
lar attention,  as  it  indicates  that  the  whin  sill  was 
protruded  between  the  beds  of  limestone,  otherwise 
it  could  scarcely  have  produced  any  chemical  or 
mechanical  change  on  the  upper  bed  of  limestone. 
In  some  parts,  beds  of  limestone  are  seen  bent  up- 
wards  and  imbedded  in  the  whin  sill. 

Indeed  Professor  Sedgwick  thinks  it  probable,  that 
the  whin  sill  was  produced  by  a  lateral  injection  of 
volcanic  matter,  in  a  state  of  igneous  fusion. 

The  beds  of  trap  or  toadstone,  imbedded  in  the 
mountain  limestone  of  Derbyshire,  were  supposed  by 
Mr.  Whitehurst  to  have  been  protruded  or  driven, 
in  a  melted  state,  between  the  strata :  this  opinion 
was  chiefly  founded  on  the  supposed  fact,  that  the  me- 
tallic veins,  which  cut  through  the  limestone,  1. 2.  3. 
do  not  pass  into  the  toadstone,  (see  Plate  IV.  fig.  5.) 
and  were  therefore  supposed  to  have  been  broken 
through  when  the  latter  beds  were  protruded.     It 
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has,  however,  since  been  discovered,  that  the  veins  do 
often  pass  into  the  toadstone,  though  they  seldom 
bear  ore  in  this  rock ;  hence  the  conclusion  of  Mr. 
Whitehurst  was  deprived  of  its  main  support.  Sub- 
sequently, Mr.  Farey,  in  his  survey  of  Derbyshire, 
misled  by  an  attachment  to  theory,  described  the 
beds  of  toadstone  as  regular  strata,  preserving  their 
thickness  and  continuity  through  the  Peak  of  Dei'by- 
shire.  This  is  by  no  means  the  case;  the  beds  of 
toadstone  are  extremely  variable  in  their  thickness 
and  order  of  succession,  and  the  intermixture  of  green- 
earth,  toadstone,  and  limestone,  near  the  junction  of 
toadstone  with  the  limestone  beds,  ceitainly  favours 
Mr.  Whitehurst*s  original  theory  of  protrusion;  but 
this  protrusion  took  place  before  the  formation  of 
metallic  veins,  and  might  be  the  cause  of  those 
fissures  in  which  the  veins  were  formed.  It  is  not 
improbable  that  some  of  the  more  regular  beds  of 
toadstone  may  have  flowed  as  lava.  Professor  Sedg* 
wick  justly  observes,  **  that  our  reluctance  to  admit 
the  tlieory  of  protrusion  arises  from  the  diflSculty  of 
conceiving  any  powers  in  nature  adequate  to  produce 
such  an  effect  But  all  the  phenomena  of  Geology 
show,  that  the  great  disturbing  forces  by  which  tne 
crust  of  the  globe  has  been  modified,  acted  in  former 
times  with  incomparably  more  energy  than  they  do. 
at  present.  Volcanic  forces  are  now  employed  in 
lifting  a  column  of  melted  lava  to  the  lip  of  a  crater. 
The  same  kind  of  forces,  acting  with  more  energy 
and  througli  a  wider  region,  may  in  the  early  history 
of  the  globe  have  been  employed  in  lifting  islands 
and  even  continents  from  the  bottom  of  the  ocean. 
During  an  operation  like  tliis,  the  elastic  forces^ 
acting  from  below,  may  often  have  driven  masses  of 
fluid  lava  among  the  superincumbent  strata ;  and,  in 
every  case,  the  lava  would  naturally  be  propelled 
through  .those  portions  which  were  most  easily  pene- 
trated —  the  lateral  must,  at  every  point,  have  been 
equal  to  the  vertical  pressure.  The  expansive  forces 
may  not  at  any  point  have  been  able  to  drive  a 
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lumn  of  lava  tlirough  all  the  solid  unbroken  beds 
but  the  lateral  ibpces  may  havo  driven  u  portion  ot' 
the  fluid  between  the  partings  of  two  horizontal 
beds;  and  when  a  penetration  of  tliis  kind  was  once 
effected,  the  lava  would  act  like  a  wedjie  to  mecha- 
nical advantage,  and  rush  in  an  horizontjd  stream  to 
a  distance  proportioned  to  the  elastic  forces  which 
were  in  action." 

The  tbrmation  of  basaltic  dykes  is  sufficiently 
explained  by  what  takes  place  in  the  vicinity  of 
volcanoes.  Before  the  confined  vapour  that  after- 
wards  issues  through  the  crater  finds  a  vent  there,  the 
surtace  of  the  ground  in  tlie  vicinity  of  the  volcano 
is  frequently  upheaved,  and  fisaures  of  great  extent 
are  made,  into  which  melted  lava  is  sometinie.s  forced, 
which  on  cooling  forms  a  wall  or  dyke,  in  every  respect 
similar  to  a  basaltic  dyke.  During  an  emption  of 
Vesuvius  that  took  place  in  179't-,  a  rent  of  this  kind 
was  farmed  near  the  bottom  of  the  mountain,  2.i75 
feet  in  length  and  287  feet  in  breadth,  which  became 
filled  with  compact  lava.  Rents  or  fissures  of  some 
miles  in  length  have  been  opened  on  the  sides  of 
Etna.  There  is  abundant  evidence  to  prove,  that 
most  basaltic  rocks  were  erupted  under  the  pressure 
of  the  ocean  and  it  is  probably  owing  to  circumstance* 
attending  tlieir  refrigeration,  that  they  have  frequently 
a  columnar  structure. 

The  occurrence  of  thick  beds  of  basalt,  divided 
into  regular  pentagonal  or  hexagonal  columns,  and 
disposed  in  ranges  of  vast  extent  and  height,  could 
not  fail  to  arrest  the  attention  of  the  most  care- 
less observer,  and  give  rise  to  speculations  respect- 
ing their  origin  and  tbnnation.  Basaltic  columns 
are  frequently  seen  in  countries  that  are  tlie  seat  of 
volcanic  fires,  but  they  occur  also  in  countries  very 
remote  from  any  known  volcanoes.  The  theories 
respecting  their  fonnation  will  be  subsequently  ad- 
verted to. 

Few  countries  in  the  world  present  more  magnifi- 
t  basaltic  columnar  ranges  than  the  north  part  of 
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Ireland,  and  some  of  the  Hebrides :  probably  these 
are  connected  under  the  ocean,  and  have  had  the 
same  origin. 

The  Giant's  Causeway  constitutes  a  small  part  of 
a  vast  basaltic  range,  along  the  north  coast  of  Ire- 
land, in  the  county  of  Antrim.  The  promontory  of 
Fairhead  and  Borgue,  in  the  same  range,  are  situated 
eight  miles  from  each  other :  these  capes  consist  of 
various  ranges  of  pillars  and  horizontal  strata,  which 
rise  from  the  sea  to  the  height  of  five  hundred  feet: 
from  their  abruptness  they  are  very  conspicuous,  and 
form  a  pile  of  natural  architecture,  in  which  the  re- 
gularity and  symmetry  of  art  are  united  with  the 
wild  grandeur  and  magnificence  of  nature.  Many  of 
the  columns  in  the  ranges  at  Fairhead  are  one  hundred 
and  fifty  feet  in  height,  and  five  feet  in  breadth.  At 
the  base  along  the  shore  is  a  wild  waste  of  rocky 
fragments,  which  have  fallen  from  the  cliffs.  Im- 
mense masses  that  have  withstood  the  force  of  the 
shock  lie  in  groups,  resembling  the  ruins  of  enor- 
mous castles.  At  the  Giant's  Causeway  the  columns 
rarely  exceed  one  foot  in  breadth,  and  thirty  feet  in 
height:  they  are  sharply  defined,  and  the  columns 
are  divided  into  smaller  blocks,  or  prisms  of  one  foot 
or  more  in  length,  which  fit  neatly  into  each  other, 
like  a  ball  and  socket.  The  basalt  is  close  grained, 
but  the  upper  joint  is  cellular.  The  columns  are 
most  frequently  formed  with  five  or  six  sides;  but 
some  have  seven  or  eight,  and  others  not  more  than 
three.  Beds  of  basalt  that  are  not  columnar,  in 
some  situations  lie  over,  and  also  under  the  columns. 
The  basalt  in  these  beds  is  cellular,  and  contains  zeo- 
lites in  its  cavities.  The  columns  at  Fairhead  are 
not  articulated  like  those  at  the  Giant's  Causeway; 
but  the  blocks,  which  are  of  great  length  in  each  co- 
lumn, lie  flat  on  each  other.  Basalt  appears  to  extend 
on  the  coast  and  inland  about  forty  miles  in  length, 
and  twenty  in  breadth. 

A  full  and  perspicuous  account  of  the  geology  of 
this  part  of  Ireland  is  given  by  Messrs.  Buckland 
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and  Convbeare,  in  the  fourth  volume  of  the  Geolo- 
gical  Transactions.  It  appears  that  this  basaltic 
range  rests  upon  lias  limestone  containing  marine 
shells  and  ammonites ;  the  basalt  also  enters  chalk- 
rocks,  which  are  much  broken  by  it,  and  in  one  part 
a  considerable  mass  of  chalk  is  completely  enveloped 
in  basalt.  The  effect  of  a  basaltic  dyke,  in  crys- 
tallising the  chalk  on  each  side  of  it,  has  already  been 
mentioned.  Former  obser\'ers,  unacquainted  with  the 
nature  of  the  rock  on  which  the  basaltic  ranges  of 
the  Giant's  Causeway  rest,  have  mistaken  it  for  ba- 
salt ;  it  is  a  dark  coloured  highly  indurated  limestone, 
and  as  it  contains  shells  and  other  organic  remains, 
these  remains  were  erroneously  supposed  to  prove  the 
marine  origin  of  basalt. 

The  basaltic  columns  of  the  Island  of  Staflfa  are 
too  well  known  to  require  a  description  ;  but,  accord- 
ing to  Dr.  MacCulloch,  the  columns  which  form  the 
lofty  promontory  called  the  Scuire  of  Egg,  another 
of  the  Hebrides,  exceed  in  grandeur  and  in  pictur- 
esque effect  those  of  Staffa :  they  are  formed  of  black 
pitciistone,  containing  crystals  of  glossy  felspar. 
"  The  promontory  rests  on  a  bed  of  compact  grey 
limestone,  approaching  to  a  stone  marie.  This  bed, 
which  is  three  or  four  feet  thick,  rests  on  a  still  lower 
bed  of  hard  reddish  stone.  Masses  of  bituminised 
wood,  penetrated  with  carbonate  of  lime,  are  found 
in  the  marie  stratum  not  at  all  flattened.  Portions 
of  trunks  of  trees,  retaining  their  original  shape,  but 
petrified  (silicified),  are  found  in  the  same  stratum ; 
the  rifts  are  filled  with  chalcedony,  approaching  in 
aspect  to  semi-opal.  The  columns  on  this  island  are 
both  perpendicular  and  inclined,  and  some  of  them 
are  bent  or  curved.*' 

In  various  parts  of  Scotland  and  the  Hebrides, 
the  tendency  to  a  columnar  arrangement  in  the  ba- 
saltic rocks  may  be  distinctly  seen :  it  is  obscurely 
developed  in  the  basalt  of  Arthur's  Seat  near  Edin- 
burgh. The  basalt  of  this  hill  appears  identical 
with  some  of  the  volcanic  mountains  I  examined  in 
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Auvergne,  particularly  near  the  summit  of  Monta- 
doux,  a  mountain  near  Clermont. 

In  England  the  columnar  structure  of  some  of  the 
basaltic  and  trap  rocks  is  observable  in  the  northern 
counties,  particularly  on  the  banks  of  the  river  Tees, 
and  at  Swarthfell  near  Ulswater.  In  some  of  the 
basaltic  hills  near  Dudley,  the  columnar  structure  is 
developed,  but  the  columns  are  not  separated  and 
well  defined.  Prismatic  blocks  of  sienite,  are  scat- 
tered over  a  hill  of  sienite  called  Markfield  Knowl, 
at  Charnwood  Forest  in  Leicestershire. 

Columns  of  porphyritic  trap  or  greenstone  occur 
in  groups,  on  the  northern  side  of  Cader  Idris  io 
Merionethshire.  One  of  these  columnar  groups  is  re- 
presented Plate  V.  fig.  1. ;  the  outline  of  the  columns 
was  taken  with  a  camera  lucida  by  Henry  Strutt,  £sq[. 
of  Derby,  and  cannot  fail  to  be  correct ;  the  figure 
is  introduced,  to  show  the  relative  magnitude  of  the 
columns.  Rocks  of  trap  and  basalt,  both  in  solid  beds, 
and  also  arranged  in  columns  like  those  of  StaSBat, 
were  observed  by  Sir  G.  Mackenzie  on  the  coast  of 
Iceland,  and  also  in  the  interior ;  the  lower  parts  of 
the  beds  and  columns  contained  scorise  and  dags, 
and  empty  cavities.  A  successive  range  of  beds  df 
basalt  was  also  observed  alternating  with  beds  of 
tufa,  the  lower  parts  of  which  presented  the  same 
appearance  of  the  action  of  fire. 

From  the  situation  of  these  rocks,  and  from  the 
existence  of  submarine  volcanoes  near  Iceland,  Sir 
G.  Mackenzie  conceives  that  these  beds  of  basalt 
were  formed  under  the  sea  by  the  ejection  of  lava, 
which,  flowing  over  the  moist  submarine  ground, 
would  confine  a  portion  of  water  beneath  the  melted 
mass :  this  water  would  be  converted  into  elastic 
vapour,  or  steam,  which  would  endeavour  to  expand: 
but  where  the  superincumbent  pressure  of  the  ocean, 
or  the  tenacity  of  the  lava,  prevented  its  escape,  it 
would  be  compressed,  and  form  cavities,  or  air  bub- 
bles, at  the  bottom  of  the  melted  mass.  In  other 
SBstaaces,.  where  the  fluidity  of  the  lava  permitted  the 
from  below  to  escape  through  it,  the  mas& 


BASALT   IN   AUVBBOHS.  <300 

uld  be  compact,  and  form  solid  basalt,  or  green* 
stone.  It  might  sometimes  happen  that  water  would 
be  enclosed  in  the  cavities  of  the  mass,  which  is  found 
to  be  the  case  in  some  basalt  rocks. 

Thus,  according  to  the  different  circumstances  of 
pressure  from  the  depth  of  the  ocean,  and  from  the 
tenacity  of  the  melted  mass.  Sir  G.  Mackenzie  sup- 
pofies  that  porous  and  vesicular  lava,  or  compact  ba- 
salt, might  be  formed  from  the  same  eruption  ;  or  the 
mass  mi^htbe  porous  below  and  compact  above. 

As  Iceland  is  at  present  the  seat  of  active  volca- 
noes, and  as  submarine  volcanoes  are  fbniiinjr  rocks 
near  the  shores  of  that  island.  Sir  George  Macken- 
zic^s  explanation  of  the  causes  which  have  protlucet! 
the  various  appearances  in  the  basaltic  ranges  of  that 
island,  aeems  highly  probabie.  In  Sicily  the  connec- 
tion of  basaltic  with  volcanic  rocks  has  been  clearly 
established  by  l-'errara,  professor  of  Natural  Philo> 
sophy  at  Catania. 

In  the  vicinity  of  Clermont  I'errand  in  Auvergne, 
a  thick  bed  of  basalt  luis  once  covered  an  extensive 
tract  of  country ;  it  rests  upon  a  bed  of  volcanic 
tufa,  and  the  latter  irequently  covers  beds  of  fresh- 
water limestone.  This  bed  of  basalt,  and  the  subja- 
cent tufa  and  limestone,  have  evidently  been  furrowed 
and  excavated  by  the  same  causes,  which  have  exca- 
vated valleys  in  other  parts  of  the  world  ;  hence  the 
basalt  occurs,  forming  isolated  caps  on  many  of  the 
mountains.  In  some  parts  a  gradation  may  be  traced 
in  the  same  bed  from  a  compact  basalt,  similar  to 
that  of  Arthur's  Seat  near  Edinburgh,  to  porous  ba- 
salt, approaching  more  or  less  to  the  state  of  scoria- 
ceous  lava.  But  the  basalt  of  Auvcrgne  belongs 
evidently  to  volcanic  products,  and  will  be  described 
in  the  chapter  on  volcanoes.  It  may  be  proper  to 
remark,  that  as  the  basalt  of  Auvergne  covers  beds 
of  freshwater  limestone,  which  belong  lo  the  tertiary 
strata,  its  age  is  evidently  posterior  to  that  tbrmation 
of  limestone,  which  is  regarded  as  the  most  recent. 

Ct  sometimes  presents  a  globular  structure 
; 
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globes  of  hard  basalt  being  imbedded  in  a  mass  of  ba- 
salt of  a  softer  kind. 

Wacke  or  earthy  basalt  has  frequently  a  greenish 
or  reddish  brown  colour ;  it  often  contains  cayities 
which  are  generally  filled  with  nodules  of  agate,  or 
with  zeolite  or  calcareous  spar.  The  agates  are  com- 
posed of  concentric  layers,  and  have  apparently  been 
formed  by  siliceous  infiltration,  depositing  successive 
coats  within  each  other,  until  the  cavity  is  filled  up. 
Basaltic  rocks  of  this  kind  are  called  amygdaloids. 
The  Hill  of  Kinnoul,  in  the  vicinity  of  Perth,  is  formed 
of  basaltic  amygdaloid,  containing  agate  nodules  in 
great  abundance,  of  various  dimensions  and  beauti- 
fully striped.  At  Woodford  Bridge,  in  Gloucester- 
shire, there  is  a  low  rock  of  amygdaloidal  wacke, 
which  is  much  intermixed  with  green  earth,  and  has 
in  some  parts  a  saponaceous  feel ;  the  agates  which 
it  contains  are  decomposing,  and  the  inner  concen- 
tric layers  are  separated  from  each  other,  and  present 
the  appearance  of  edges  of  folded  paper,  with  small 
interstices  between  each.  I  examined  this  singular 
rock  in  1816 ;  it  was  then  quarried  for  stone  to  mend 
the  roads.  In  some  parts  of  the  rocks  I  found  masses 
of  corallite  of  considerable  size,  enveloped  in  the  ba- 
saltic amygdaloid.  I  found  also,  in  this  rock,  well 
defined  groups  of  prehnite,  which  was  not  then  known 
to  be  an  English  mineral :  it  has  since  been  discovered 
in  the  basalt  of  Staffordshire. 

The  occurrence  of  organic  remains  enveloped  in 
basalt,  of  which  there  are  various  instances,  may  ad- 
mit of  an  easy  explanation,  if  we  allow  that  basalt 
has  once  flowed  like  lava  at  the  bottom  of  the  ocean. 
Modern  lavas  often  envelope  bones  and  other  sub- 
stances that  they  meet  with  in  their  course. 

Having  before  stated  the  phenomena  presented  by 
imbedded  trap,  which  indicate  that,  in  some  instances, 
it  has  been  protruded  between  regular  strata  later- 
ally, it  will  be  useful  to  cite  an  instructive  example 
of  beds  of  trap  alternating  with  limestone,  by  suc- 
cessive deposition,  which  is  stated  by  Dr.  Daubeny, 
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the  present  chemical  prufessor  at  Oxford,  in  an 
inleresting  sketch  of  the  Geology  of  Sicily.  The 
facts  seem  clearly  to  ascertain,  that  beds  of  amygda- 
loidal  trap,  alternating  with  beds  of  limestone,  nave, 
in  that  island  at  least,  been  formed  by  successive 
currents  of  lava  flowing  over  the  bed  of  the  sea,  at 
intervals  of  time  so  distant,  as  to  allow  the  deposition 
or  formation  of  a  bed  oi'  limestone,  over  eacli  current 
of  lava.  A  considerable  district  near  Lentini,  on  tlie 
southern  side  of  Mount  Etna,  and  also  a  part  of  the 
island  near  Cape  Passero,  are  composed  of  alternating 
beds  of  lava,  with  tertiary  limestone  abounding  with  or- 
ganic remains  of  madreporites  nninmulites,  cerithea, 
and  the  remarkable  fossil  called  the  Hippurite. 
Santa  Venera,  the  loftiest  mountain  in  the  south  of 
the  island,  is  capped  witli  cellular  lava ;  beneath  it  is  a 
bed  of  limestone  with  minute  shells  ;  at  a  lower  level, 
towards  Lentini,  there  is  a  second  bed  of  volcanic 
matter  similar  to  the  first ;  and  two  otiier  similar  al- 
ternations of  beds  of  limestone  and  lava  occur  still 
lower  down.  Dr.  Daubeny  says  that  the  cellular 
and  semivitreons  aspect  of"  many  of  the  volcanic  beds 
associated  with  the  beds  of  limestone,  precludes  all 
doubt  rei>ecting  the  manner  of  their  formation :  the 
character  of  other  portions  present  strong  analogies 
to  rocks  of  the  trap  family;  •'  they  are  compact,  and 
have  a  stony  fracture ;  they  contain  crystals  of  oli- 
vine, and  tlie  cavities  are  filled  with  calcareous  spar 
or  zeolites,  like  the  amygdaloid^  ef  more  ancient 
strata.  In  some  of  the  beds,  a  tendency  to  a  colum- 
nar arrangement  Ls  discernible." 

This  account  of  Dr.  Daubeny's,  affords  additional 
proof  of  the  close  connection  of  ancient  volcanic 
rocks  with  trap  rocks,  —  may  we  not  add,  of  their 
perfect  identity  ?  It  is  beside  highly  illustrative  of  the 
alternation  of  the  beds  of  basaltic  amygdaloid,  with 
beds  of  limestone  in  other  situations.  But  in  both 
instances,  we  must  admit  that  the  beds  were  formed 
under  the  ocean,  before  the  present  islands  and  con- 
jjents  had  emerged  from  the  watery  abyss. 
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respect  to  Etna,  the  alternation  of  lava  and  lirn 
stone  affords  decisive  evidence,  that  this  mountain 
was  upheaved  from  tiie  ocean,  though  its  height  may 
have  been  greatly  augmented  by  eruptions  of  lava, 
since  the  period  of  its  first  elevation.  Before  con- 
cluding the  account  of  intcrstratified  basalt,  it  may 
be  proper  to  mention,  that  Mr.  William  Hutton,  In 
a  paper  lately  read  to  tlie  Geological  Society  of 
London,  maintains,  that  the  great  bed  of  basalt  in 
NortlnimberUmd,  called  the  whinstone  sill,  was  de- 
posited over  the  limestone  beds  on  which  it  rests,  and 
not  protruded  laterally  between  them :  though  be  ad- 
mits, with  Professor  Sedgwick,  that  the  basaltic  beds 
in  Teesdale  were  protruded  in  the  manner  before 
described.  In  some  cases  it  may  be  extremely  dii'- 
ficult  to  determine  whether  a  bed  of  basalt  has  flowed 
like  lava,  or  been  protruded  laterally,  because  two 
strata  of  hard  limestone,  for  example,  are  often  se- 
parated by  seams  of  soft  clay,  which  would  dispose 
the  beds  to  yield  to  a  lateral  pressure  in  the  direc- 
tion of  the  strata,  and  the  injected  basalt  would  take 
the  form  of  a  regular  stratum. 

Mr.  Hutton  admits,  that  in  some  instances  the 
limestone  over  the  basalt  had  suffered  the  same  effects 
of  igneous  action  as  the  limestone  below  it.  These  in. 
stances,  I  think,  afford  satisfactory  evidence,  that  the 
basalt  was  protruded  between  the  beds  of  limestone. 

The  disturbances  and  contortions  of  some  of  tlie 
lower  beds  of  transition  limestone,  in  the  vicinity  of 
trap  rocks,  were  mentioned  in  Chap.  VII.  In  such 
instances,  though  frequently  no  visible  connection 
between  the  rocks  of  trap  and  limestone  can  be 
traced  on  the  surface,  there  can  be  little  doubt  that 
such  connection  exists.  The  singularly  bent  lime- 
stone beds  at  Wren's  Nest  Hill  near  Dudley  are  at  a 
considerable  distance  from  the  nearest  basaltic  hill ; 
but  I  observed  in  the  town  of  Dudley,  where  a  well 
was  sinking,  that  the  stone  thrown  out  was  granular 
basalt,  intermixed  with  calcareous  spar. 

Some  species  of  trap  rocks,  and  particularly  ] 
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softer  kinds  of  basalt,  decompose  rapidly,  and  form 
productive  soils  and  marie.  1  am  incliiiud  to  believe; 
that  some  of  the  most  fertile  soils  in  England  were 
fonned,  bv  an  intermixture  witli  decomposed  basaltic 
rocks.  \Vhat  has  been  called  basaltic  tufa,  is  a  voJ- 
canic  substance,  and  will  be  described  among  volca- 
nic products.  Some  of  the  trap  rocks,  particularly 
the  porpbyritic  trans,  are  metalliferous ;  but  it  is 
rarely  the  case  with  any  of  the  British  trap  rocks, 
and  it  has  before  been  stated,  that  the  veins  of  lead 
ore  in  Derbyshire,  are  cither  cut  off  by  beds  of  basalt, 
or  generally  cease  to  yield  ore,  when  passing  through 
basalt. 

Having  described  the  principal  phenomena  at^ 
tending  trap  rocks,  whether  occurring  in  dykes, 
in  unconformable  masses,  or  iiitcrstratified  with 
other  rocks,  it  may  be  proper  to  mention  certain 
experiments  that  have  been  made,  to  elucidate  tlie 
formation  of  basaltic  rocks.  All  trap  rocks  are 
fusible,  and  most  of  them  furm  a  blackislugreen 
glass  after  melting:  hence  it  was  inferred,  that  trap 
rocks  had  never  been  in  a  state  of  fusion ;  for  if  they 
bad,  they  would  have  been  rendered  vitreous.  Sir 
James  Hall,  however,  reflecting  on  the  long  period 
of  refrigeration  that  vast  masses  of  melted  rock  would 
necessarily  require,  before  tbey  were  cooled  to  the 
common  temperature  of  the  earth,  was  induced  to 
make'cxperimcnts  on  lava  and  basalt;  from  winch 
it  was  ascertained,  that  if  a  small  portion  of  liquid 
lava  were  suddenly  cooled,  it  formed  a  black  ^ass, 
as  was  well  known  to  be  the  case  with  basalt,  but 
if  the  process  of  cooling  were  slow,  both  melted 
lava,  and  basalt  became  stone.  When  the  glass 
which  had  been  (brmed  by  sudden  cooling  was 
melted  again,  and  suffered  to  cool  very  gradually,  it 
lost  its  vitreous  character,  and  was  converted  into 
a  substance  resembling  basalt.  Mr.  Gregory  Watt 
made  some  experiments  on  the  fusion  and  refrigera- 
tion of  basalt,  in  one  of  his  tatlier's  flirnaces,  which 

^ows  much  additional  light  on  the  formation  of  the 
J-  3 


^ 


sill  EXPERIMENTS    OF   SIR   JAMES   HALL.  ^H 

globular  and  columnar  structure  of  basaltic  rocM^ 
He  fused  seven  hundrpd  weight  of  tlie  Dudley 
basalt  called  Rowley  ragg,  and  kept  it  in  the  furnace 
several  days  after  the  fire  was  reduced.  It  melted 
into  a  dark-coloured  glass,  with  less  heat  than  was 
necessary  to  melt  the  same  quantity  of  pig-iron. 
In  this  glass,  small  globules  were  formed,  which 
afterwards  disappeared ;  and  as  the  cooling  pro- 
ceeded, the  mass  was  changed  from  a  vitreous  to  a 
stony  substance ;  other  globes  were  again  formed 
within  the  stony  mass,  which  continued  to  enlarge 
until  their  sides  touched  and  pressed  against  each 
other,  by  wliich  pressure  the  globes  formed  poly- 
gonal prisms.  If  part  of  the  mass  were  cooled  before 
the  globular  structure  was  destroyed,  these  globes 
were  harder  than  the  surrounding  stone,  and  broke 
in  concentric  layers.  In  this  manner  the  balls  of 
basalt  and  porphyry  which  fall  out  of  decomposing 
rocks  were  probably  formed ;  they  derived  tlieir 
superior  hardness  from  the  crystalline  arrangement 
of  the  particles,  when  in  a  melted  state.  When 
these  globes  were  enlarged  by  a  continuation  of  the 
same  process,  they  might  press  on  each  other,  and 
form  prisms.  The  upper  prisms  pressing' by  their 
weight  upon  the  lower,  might  form  concavities  or 
sockets,  into  which  they  would  sink,  and  remain 
joined  together  or  articulated.  Such  is  frequently 
the  Rti'ucture  of  basaltic  columns. 

Another  experiment,  made  by  Sir  James  Hall,  on 
the  ciystallisation  of  common  limestone  by  heat, 
and  its  conversion  into  marble,  tends  to  elucidate 
the  effects  produced  by  basaltic  rocks,  on  limestone 
and  chalk  before  mentioned.  Dr.  Hutton  had  ad- 
vanced the  opinion,  that  beds  of  limestone  were 
formed  of  the  shells  and  exuvite  of  marine  animals, 
which  had  been  melted  by  central  fire,  and  crystal- 
lised. The  first  part  of  this  theory  respecting  the 
entire  formation  of  calcareous  rocks  from  animal 
remains,  it  is  not  necessary  to  discuss  at  present : 
that  a  considerable  portion  of  many  limestone  roi " 
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were  so  formetl,  cannot  be  denied.  It  was  however 
objected  to  this  theory,  that  the  well-known  action 
of  fire  on  limestone  rocks  would  expel  the  6xcd  air, 
and  render  them  soft  and  puIvendenL  To  this 
objection  it  was  replied,  that  as  tlic  action  of  central 
beat  on  beds  of  marine  shells  took  place  under  the 
ocean,  the  pressure  of  the  water  would  prevent  the 
escape  of  tlie  fixed  air,  and  would  probably  render 
the  calcareous  earth  more  fusible.  Tills  answer  was 
r^arded  as  a  mere  hypothesis  for  some  time,  but 
Sir  James  Hall  determined  to  try  its  validity  by  ex- 
periments.  Havinjf  calculated  the  resistance  which 
a  column  of  water  fifteen  hundred  (eet,  or  any  given 
depth,  would  present  to  the  escape  of  fixed  air,  he 
enclosed  a  quantity  of  powdered  chalk  in  a  gim- 
barrel,  and  confined  it  in  such  a  manner  as  to  present 
an  equal  degree  of  resistance.  He  subjected  the 
powdered  chalk  thus  confined,  to  the  action  of  a 
furnace;  after  some  time  it  was  then  drawn  out  and 
cooled,  and  was  tbund  converted  into  crystalline 
limestone  or  marble;  and  in  one  instance,  where  the 
chalk  enclosed  a  shell,  the  shell  had  acquired  a 
crystalline  texture,  without  losing  its  form.  Hence 
in  situations  where  chalk  or  earthy  limestone  are  found 
to  have  a  crystalline  texture,  when  in  contiguity  with 
trap  rocks,  We  may  with  a  high  degree  of  probability 
infer,  that  the  limestone  bad  been  fused  by  the  traf*. 

A  recapitulation  of  the  facts  and  experiments  which 
prove  the  igneous  origin  of  trap  rocks,  would  afford 
a  mass  of  evidence  which  might  convince  the  most 
sceptical  enquirer;  but  such  a  recapitulation  is  need- 
less, as  in  many  situations  undoubted  currents  of 
lava  pass  into  trap  rocks,  and  we  have  ocular  de- 
monstration of  the  fact. 

The  reason  why  geolo|psts  were  so  long  opposed 
to  the  igneous  origin  of  basaltic  rocks,  may  partly  be 
explained  by  the  attachment  to  received  theories,  and 
partly  by  the  reluctance  to  admit  a  condition  of  our 
planet,  so  remote  from  present  experience.  It  was 
'ht  an  ample  claim  on  our  credulity,  when  we 
y  i 
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were  required  to  believe,  that  all  the  habitable  parts 
of  the  globe  had  been  for  ages  submerged  in  the  ocean^ 
without  requiring  the  further  belief^  that  countries  now 
remote  from  active  volcanoes,  had  been  repeatedly 
subject  to  the  agency  of  subterranean  fire.  Yet 
both  these  positions  must  be  granted,  if  we  will  allow 
a  legitimate  induction  from  established  facts. 

The  advocates  of  the  aqueous  origin  of  basaltic 
rocks,  while  they  advanced  theories,  which  made 
claims  upon  our  faith,  equally  unsupported  by  pre- 
sent experience,  failed  entirely  in  their  attempts  to 
explain  the  causes  of  existing  phenomena  in  a  satis- 
factory manner.  The  theory  of  Werner  was  for 
some  time  zealously  supported,  and  particularly  the 
least  tenable  part  of  it,  —  the  formation  of  basaltic 
rocks  by  a  second  rising  of  the  ocean,  which  depo- 
sited them  on  the  summits  of  elevated  mountains.  — 
It  may  be  proper  to  give  a  brief  account  of  this  part 
of  the  Wernerian  system,  before  it  entirely  sinks  into 
oblivion. 

According  to  the  theory  of  Werner,  all  the  super- 
ficial parts  of  the  globe  were  once  in  a  state  of 
aqueous  solution,  from  which  the  materials  were  at 
first  separated  by  chemical  deposition  in  a  crystalline 
state,  and  formed  a  thick  mass  of  granite  round  the 
globe.  Upon  granite,  the  primary  rocks  were  suc- 
cessively deposited,  forming  layers  over  each  other 
like  the  coats  of  an  onion.  Over  these  again  were 
laid  the  transition  rocks ;  and  next,  the  eaithy  strati- 
fied rocks.  Each  of  these  layers  was  supposed  to 
encircle  the  globe,  or  to  be  an  universal  formation. 
While  this  process  was  going  on,  the  waters  were 
gradually  retiring,  and  became  turbid:  hence  the 
materials  which  they  deposited  to  form  the  upper 
strata,  were  more  earthy  than  those  of  the  primary 
rocks ;  they  were  also  intermixed  with  fragments  of 
the  rocks  previously  formed.  According  to  this 
system,  mountains  and  valleys  were  caused  by  the 
original  inequality  of  the  nucleus  of  the  earth.  So 
§^  the  parts  of  Werner's  theory  are  consistent ;  and 
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'  have  u  world  ready  made,  in  which  every  tiling 
might  be  supposed  to  remain  quiet;  but — non  sic 
Faia  sinunt ;  —  Neptune,  ashamed  of  his  late  retreat, 
and  indignant  at  his  continemcnt  in  such  narrow 
limits,  calls  tlic  infernal  deities  to  his  assistance,  and 
rising  in  his  might,  once  more  takes  possession  of 
the  globe.  He  covers  it  with  the  depurgations  of 
his  turbid  waves:  but  again  he  is  compelled  slowly 
and  reluctantly  to  retire  from  the  field,  leaving  be- 
hind him  tlie  basaltic  rocks,  the  monuments  of  his 
triumph  and  his  shame. — Such  is  in  substance  tl»e 
theory  of  Werner  respecting  the  origin  of  all  the 
superincumbent  rocks  of  basalt  and  trap.  They  are 
also,  according  to  this  theory,  universal  formations. 
It  is  scarcely  possible  for  the  Imman  mind  to  invent 
a  system  more  repugnant  to  existing  facts.  Were 
basaltic  rocks  deposited  from  a  solution  which  covered 
the  globe  afler  the  formation  of  secondary  strata,  as 
Werner  supposes,  every  part  of  the  dry  land  and 
every  valley  must  have  been  incrusted  or  filled  with 
basalt,  —  it  would  be  tlie  jirevailing  rock  of  every 
district.  On  the  contrary,  basalt  exists  only  in 
particular  situations,  forming  dykes,  and  overlying 
masses  or  beds  of  limited  extent:  nor  do  fragments 
of  basalt  occur  in  any  quantity,  to  warrant  the  belief 
that  it  was  ever  formed  universally  over  the  globe : 
and  what  is  here  said  of  basalt,  applies  equally  to  all 
iconformable  rocks  of  porphyry,  and  the  other  trap 
iks.  Nothing  but  the  obscure  language  in  wliich 
lis  doctrine  of  Werner  was  advanced,  coidd  have 
ivented  its  absurdity  from  being  instantly  perceived 
and  acknowledged. 

With  respect  to  the  relative  age  of  trap  rocks,  it  in 
evident  that  if  they  are  of  igneous  origin,  they  may 
have  been  formed  at  any  period.  We  have  certain 
indications  that  basaltic  rocks  were  formed  at  difler- 
ent  epochs ;  some  of  the  basaltic  dykes  which  cut 
through  the  coal  strata  in  the  northern  counties, 
do  not  enter  the  magnesian  limestone  that  covers  the 
strata.     Hence  it  is  clear,  that  such  basaltic 
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dykes  were  formed  before  the  magnesian  limestone 
was  deposited:  while  the  Cleveland  basalt  dyke  passes 
through  many  of  the  upper  secondary  strata,  above 
the  magnesian  limestone,  and  is  therefore  of  posterior 
formation  to  that  rock. 

Among  the  localities  of  columnar  basalt  given  in  a 
preceding  part  of  the  present  chapter,  I  omitted  to 
state  that  there  are  very  extensive  ranges  of  columnar 
trap  in  some  of  the  Northern  United  States  in  America. 
Professor  Silliman,  in  the  seventeenth  volume  of  the 
American  Journal  of  Science,  has  given  a  very  clear 
description  of  the  basaltic  range  which  divides  the  states 
of  Connecticut  and  Massachusets,  extending  one  hun- 
dred and  twenty  miles  in  length,  and  from  three  to 
twenty  miles  in  breadth.  It  was  believed  a  few 
years  since  in  England,  that  there  were  no  basaltic 
rocks  in  the  United  States.  Messrs.  C.  T.  Jackson 
and  Francis  Alger  of  Boston  in  New  England  have 
recently  published  "  Remarks  on  the  Mineralogy  and 
Geology  of  Nova  Scotia,"  with  coloured  plates, 
representing  the  immense  ranges  of  basaltic  rocks  on 
the  shores  of  that  peninsula. 


CHAP.  X. 

i  nETROSPECTIVE  VIEW  OF  CERTAIN  GEOLOGICAL 
ItPACTS  AND  INFERENCES.— RELATIVE  AGES  OF 
MOUNTAIN  RANGES.  —  PKELIMINAKY  OBSERV- 
ATIONS  ON  THE  SECONDARY  STRATA. 

"efobe  we  proceed  to  the  Upper  Secondary  Rocks, 
it  may  be  useful  to  review  some  of  tlie  leatiing  facts 
stated  in  the  preceding  cliapters,  and  to  notice  cer- 
tain  enquiries,  which  may  naturally  present  themselves 
to  the  mind  of  the  geological  student.  It  appears 
fi^om  an  examination  of  the  crust  of  the  globe,  where- 
ever  it  has  been  scientifically  explored,  that  there  is 
an  order  of  succession  or  superposition  in  the  rocks 
of  every  country,  which  may  often  be  traced  over  a 
considerable  extent;  and  that  in  countries  very  re- 
mote from  each  other,  an  approximation  to  a  similar 
order  is  observable,  except  in  one  class  of  rocks  which 
are  obtruded  irregularly,  and  cover  other  rocks  with- 
out any  determinate  order  of  succession,  as  described 
in  the  last  chapter.  The  succession  of  the  several 
c/ff5ses  of  rock, — the  primary,  transition,  seconilary, 
and  tertiary,  —  maybe  regarded  ascertain,  where  they 
occur  together.  Nor  is  the  universality  of  this  succcs- 
sion  affected  by  accidental  disturbances,  which  in  a 
few  instances  have  overturned  beds  of  primary  rocks, 
and  tlirown  them  upon  secondary  strata.  In  such 
cases  the  latter  are  thrown  out  of  their  natural  posi- 
tion,  as  much  as  when  a  block  of  granite  is  carried 
by  inundations,  upon  rocks  of  recent  formations. 
The  few  cases  in  which  granite  is  described  as  rising 
through  and  covering  secondary  strata  require  criti- 
cal examination  ;  and  geologists  should  be  particu* 
larly  upon  their  guard  to  avoid  being  misled  by 
erroneous  or  fabulous  sections  of  foreign  localities. 
Sec  p.  9^> 
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The  succession  of  the  different  members  of  any 
one  class  of  rocks,  is  by  no  means  so  definite  as  that 
of  the  classes  themselves.  Many  beds  common  in 
one  country  cannot  be  discovered  in  another,  and 
hence  it  may  be  difficult  to  determine  what  part  of 
a  series  they  occupy. 

It  is  easy  to  conceive  that  the  cause  or  causes, 
whatever  they  may  be,  which  have  formed  certain 
rocks,  have  been  limited  in  the  extent  of  their  action, 
as  we  know  to  be  frequently  the  case  on  a  smaller 
scale,  where  a  stratum  of  sandstone,  &c.,  after  pre* 
serving  its  regular  thickness  for  several  miles,  be- 
comes gradually  narrower,  till  at  length,  in  the 
language  of  the  miner,  it  wedges  out^  and  the  stratum 
above  and  beneath  come  in  immediate  contact  In 
other  instances,  the  rock  which  is  interposed  between 
two  well  known  and  identical  rocks  in  distant  dis- 
tricts, is  not  the  same  in  both  :  this  may  be  frequently 
observed  among  the  secondary  strata,  which  will  next 
be  described.  In  such  cases,  the  different  rocks  that 
occur  in  the  same  geological  position,  have  been 
called  equivalents  of  each  other.  An  instance  men- 
tioned in  a  preceding  chapter,  may  serve  to  explain 
what  is  meant  by  a  geological  equivalent.  In  the 
beds  of  transition  limestone  at  Llanymynah,  which 
are  very  regularly  stratified,  one  stratum  of  the  best 
limestone  suddenly  terminates,  and  its  place  is  sup- 
plied by  a  bed  of  marie  of  equal  thickness ;  in  the 
same  manner  as  we  might  suppose  part  of  a  course  of 
bricks  to  be  taken  out  of  a  wall,  and  its  place  filled 
up  with  clay ;  the  clay  would  be  the  equivalent  of 
the  course  of  bricks. 

In  many  of  the  lower  conformable  rocks,  there  is 
a  tendency  to  reproduction  in  the  upper  parts  of  the 
series :  thus,  though  the  regular  order  of  succession 
may  be  granite,  gneiss,  mica-slate,  and  slate  (the 
clay-slate  of  Werner),  we  often  find  beds  of  granite 
among  gneiss  and  mica-slate,  and  sometimes  even  in 
slate.  When,  however,  we  consider,  that  the  che- 
mical composition  of  all  these  rocks  is  very  nearly 
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same ;  that  silex  forms  on  the  average  three 
fourths  of  their  constituent  parts,  and  aluminc  about 
one  sixth  or  one  eighth,  —  tlie  proportions  of  the  re- 
maining parts  cannot  greatly  affect  the  condition  of 
the  mass ;  and  it  is  to  the  circumstances  (whatever 
they  may  be)  which  have  occasioned  a  more  or  less 
rapid  consolidation  of  the  parts,  that  we  ought,  pro- 
bably, to  attribute  the  formation  of  granite  in  one 
part  of  a  mountain,  and  of  gneiss,  mica-slate,  or  slate 
in  another,  and  the  re-appearance  of  granite  above 
the  latter  rocks.  An  enquiry  naturally  suggests  it- 
self, on  observing  that  the  order  of  succession  in 
rocks  is  not  invariably  the  same  in  distant  coun- 
tries. Are  the  similar  rock  formations  in  distant 
parts  of  the  world  contemporaneous?  or  were  rocks 
of  different  classes  forming  at  the  same  period  ?  Is 
the  granite  of  England,  tor  instance,  more  or  less 
ancient  than  the  granite  of  the  Alps?  Or,  are  the 
secondary  strata  oi'  one  country  as  old  as  the  primi- 
tive rocks  of  another? 

Were  it  not  for  the  organic  remains  in  different 
rocks,  we  could  not  (as  Cuvier  has  well  observed)  be 
certain  that  all  rock  formations  were  not  contempora- 
neous. With  respect  to  those  rocks  which  contain 
no  organic  remains,  and  under  which  there  are  no 
other  beds  containing  organic  remains,  wc  cannot 
ascertain  whether  they  were  contemporaneous,  or 
formed  at  different  and  distant  epochs.  The  beds  of 
granite  which  arc  nearly  vertical  in  mountain  ranges, 
must  have  acquired  a  considerable  degree  of  solidity, 
before  the  period  when  the  beds  were  raised  :  but  if 
we  date  their  age  from  the  epoch  of  their  elevation, 
we  shall  be  obliged  to  admit  the  difterent  ages  of 
granite  mountains,  and  that  the  granite  of  Cham- 
wood  Forest  is  more  ancient  than  that  of  the  Alps. 
Of  this  we  have  as  direct  proof  as  we  could  possibly 
require.  In  tlie  Al[is,  the  beds  of  the  upper  secon- 
dary  strata,  analogous  to  our  magnesian  limestone, 
lias,   and  oolite,   where  they  approach   the    central 

,nitic  range,  are  raised  into  nearly  a  vertical  posi- 
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tion  conformable  to  that  of  the  beds  of  granite,  and 
they  must  all  have  been  elevated  at  the  same  time. 
—See  Plate  II.  fig.  2.,  where  the  relative  situation  of 
the  beds  of  upper  secondary  limestone  is  represented, 
a,  «.• 

At  Charnwood  Forest,  in  Leicestershire,  very  highly 
inclined  beds  of  granitic  and  slate  rocks  are  covered 
with  horizontal  beds  of  the  upper  secondary  strata, 
analogous  to  those  in  the  Alps.  —  See  Plate  II.  fig.  4. 
fl,  a.  Now  it  is  evident  that  the  beds  of  granitic 
and  slate  rocks  were  raised,  before  the  horizontal 
strata  were  deposited  upon  them.  Hence  we  attain 
the  knowledge  of  an  interesting  fact  in  the  natural  his- 
tory of  our  island :  its  beds  of  primitive  and  transition 
rocks  were  raised  before  the  beds  in  the  mountains 
of  Savoy  and  Switzerland,  nor  can  this  conclusion 
be  invalidated,  unless  we  admit,  what  would  be  con- 
trary to  analogy,  that  secondary  strata,  possessing 
the  same  geological  relations  and  the  same  organic 
remains,  were  formed  at  different  epochs.  I  have 
cited  the  Charnwood  Forest  hills,  because  there  the 
proof  is  more  direct  and  palpable  than  at  the  Mal- 
vern Hills  or  elsewhere,  for  the  horizontal  upper  se- 
condary strata  may  be  seen  resting  immediately  on 
highly  inclined  beds  of  granitic  and  schistose  rocks. 

The  horizontal  beds  resting  on  the  Charnwood 
Forest  granite  and  slate,  are  composed  of  sandstone 
(a  part  of  the  red  marie  and  sandstone  formation), 
and  at  a  little  distance  the  sandstone  is  covered  by 
strata  of  lias  limestone,  e,  which  determine  its  re- 
lative age.  In  some  parts,  the  sandstone  strata  also 
cover  the  coal  strata ;  tlie  latter,  rfe/,  rise  very  abruptly 
as  they  approach  the  granite  in  the  north.  At  the 
Vosges  mountains  in  France,  the  same  red  marie  and 
sandstone,  associated  with  lias,  covers  the  granite  and 
coal  strata  unconformably. 

*  The  calcareous  mountains  in  the  outer  ranges  of  the  Alps, 
removed  from  the  central  granite,  are  oflen  bent  into  arches  as  re- 
presented in  Plate  II.  fig.  2.  x,  y,  z.  Such  beds,  of  course,  camiot 
be  conformable  to  those  nearer  the  granite. 
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'  When  M.  Daubuisson  published  his  TVai/e  de 
Geognosie,  in  1819,  be  asserted,  that  the  beds  of 
granite  in  the  Alps  were  raised  into  their  present 
vertical  or  highly  inclined  position,  soon  aAer  their 
original  formation.  I  visited  the  Alps  in  the  two 
following  years,  and  the  appearances  presented  by 
the  secondary  strata  compelled  me  to  draw  a  very 
diflcrent  inference  resiwcting  the  perioil  when  the 
beds  of  granite  were  elevated,  which  1  stated  in  the 
second  volume  of  my  Travels,  published  in  18^. 

*'  One  important  fact  may  be  deduced"  from  these 
elevated  beds  of  pudding-stone,  sandstone,  and  other 
strata,  comparatively  modem,  ranging  conformably 
with  beds  of  granite  and  gneiss;  namely,  that  the 
beds  of  granite  did  not  acquire  their  elevated  posi- 
tion till  after  the  formation  of  the  secondary  stratji. 
In  England,  the  elevation  of  the  beds  of  granite  was 
anterior  to  the  deposition  of  the  upper  strata,  con- 
sisting of  magnesian  limestone,  lias  limestone,  oolite, 
chalk,  and  the  intervening  sandstones ;  tor  all  these 
strata  lie  nearly  flat  over  the  edges  of  the  inclined 
under  strata.  On  the  contrary,  in  Savoy,  strata  of 
similar  formations  occur  nearly  vertical,  and  fre- 
quently conformable  to  the  range  and  dip  of  the 
granitic  formations.  These  facts  would  prove,  that 
the  causes  which  have  elevated  granite,  have  acted 
at  difterent  epochs  on  various  parts  of  the  globe,  un- 
less we  are  prepared  to  admit,  that  similar  calcareous 
formations,  containing  similar  organic  remains,  were 
not  contemporaneous  in  ditferent  countries," 

In  the  latter  part  of  the  same  volume  I  further 
stated,  that  as  some  of  the  stnitii  on  the  Diabteret 
mountains  in  the  Vallais  contain,  at  the  height  of 
seven  thousand  feet,  fossils  similar  to  those  of  the 
tertiary  strata  in  tlie  Paris  Basin,  it  was  more  rea- 
sonable to  believe  that  they  had  been  raised  since 
tlieir  deposition,  than  that  fresh-water  formations  had 
covered  any  part  of  the  earth  at  such  a  vast  elevation; 
and  hence  we  may  infer,  that  the  epoch  when  the 
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granite  of  the  Alps  was  raised,  is  comparatively 
recent.  • 

When  M.  Daubuisson  published  his  Geognoste^  both 
he  and  almost  all  French  geologists  adopted  the  theory 
of  Werner,  respecting  the  formation  of  granite  prior 
to  all  other  rocks :  if,  therefore,  the  elevation  of  its 
beds  took  place  soon  after  its  original  formation,  this 
elevation  preceded  the  deposition  of  the  secondary 
strata  by  many  geological  ages,  and  could  have  had 
no  effect  on  the  position  of  beds  which  did  not  then 
exist.  My  views  with  respect  to  the  different  ages 
of  granitic  ranges,  and  the  discovery  of  the  true 
secondary  character  of  the  calcareous  mountains  in 
the  Tarentaise,  have  since  been  brought  forward 
by  some  French  geologists,  as  their  original  dis- 
coveries.  My  observations  were  made  in  the  year 
1820,  at  which  time  they  would  have  been  warmly 
opposed  in  France ;  and  the  answer  to  them  would 
have  been,  "  Have  we  not  had  an  Ecole  de  Mines  at 
Moutiers  in  the  centre  of  the  Tarentaise,  where 
some  of  our  first  chemists  and  geologists  resided  for  a 
long  time?  we  must  therefore  know  the  true  character 
of  the  country  better  than  any  occasional  visiter." 

It  is  not  however  certain,  that  the  elevation  of 
beds  of  granite  or  otlier  primary  rocks  might  not 
take  place  deep  under  the  ocean,  and  a  far  more 
extensive  elevating  power  may  at  a  later  period  have 
been  required  to  raise  them  above  the  waves,  until 
they  formed  islands  and  continents.  Indeed  such 
must  have  been  the  case,  where  primary  rocks  are 
covered  with  nearly  horizontal  strata  of  marine  or 
aqueous  formation.  Even  the  nearly  horizontal  beds 
of  red  marie,  that  cover  tlie  elevated  beds  of  granite 
on  Charnwood  Forest,  must  have  been  formed  or 

*  Since  the  author  published  his  opinion,  in  1823,  respecting  the 
recent  elevation  of  the  Alps,  founded  on  an  attentive  examination 
of  the  structure  of  the  Pennine  and  Bernese  Alps,  M.  Von  Buch, 
M.  L.  Elie  de  Beaumont,  and  M.  Andre  de  Luc,  of  Geneva,  have 
advanced  similar  opinions,  and  stated  that  the  elevation  of  those 
mountains  took  place  after  the  formation  of  the  tertiary  strata* 
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wited  under  water;  tlie  whole,  therefore,  have 
Ijeeii  raised  tof^ether,  when  that  part  of  England 
emerged  from  the  ocean ;  unless  the  red  niarle  was 
(brmed  in  a  mediterranean  lake  or  sea,  surrounded 
by  distant  high  ground.  Adopting  this  view  of  the 
subject,  though  we  may  he  certain  that  the  beds  of 
granite  in  England  were  elevated  before  those  of  the 
Alps,  it  does  not  follow  that  England  must  necessarily 
have  been  dry  land,  before  the  Alps  of  Savoy.  Since, 
therefore,  the  elevation  of  the  beds  in  mountain  ranges, 
may  have  preceded  their  final  emergence  above  the 
ocean,  this  consideration  deprives  the  investigation 
into  the  relative  antiquity  of  the  elevation  of  tlie 
beds  in  mountain  ranges  of  much  of  its  value. 

Before  proceeding  to  describe  the  secondary  and 
tertiarj'  formations,  I  shall  offer  some  preliminary 
observations,  connected  with  the  enquiry  respecting 
the  relative  age  of  the  different  beds.  Where  a 
similarity  of  mineral  character,  and  a  similar  associ- 
ation with  other  beds  is  observed  in  different  dis- 
tricts, wc  may  sometimes  infer  that  their  origin 
was  coteinporaneous ;  but  when  the  organic  remains 
are  also  the  same  in  both,  we  attain  a  full  conviction 
of  the  fact. 

It  will  not  be  denied  that  the  chalk  and  oolite  in 
Yorkshire,  were  cotemponineous  with  certain  paits 
of  the  chalk  and  oolite  formations,  in  the  southern 
and  western  counties.  In  the  same  manner,  we  may 
admit,  that  the  chalk,  and  oolite,  and  Has,  on  the 
opposite  side  of  the  Channel,  in  France,  are  cotem- 
poraneous  with  similar  formations  in  England,  with 
which  they  preserve  an  identity  of  mineralogical  and 
zoological  characters.  Having  once  traced  these 
formations  to  the  north  of  Erance,  we  may  admit 
their  identity  with  similar  formations,  preserving  the 
same  identity  of  character  through  many  of  the 
inland  departments  of  France,  and  to  the  Snllns  at 
the  toot  of  the  Jura  range.  Over  so  large  an  extent 
of  country  we  may  expect  to  find,  as  we  do  in  distant 
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districts  in  England,  that  certain  parts  of  a  series 
which  occur  in  a  certain  formation  in  one  place,  are 
wanting  in  another.  In  France,  some  beds  occur, 
under  the  lias,  for  instance,  which  have  not  hitherto 
been  found  in  Great  Britain  :  but  making  allowance 
for  such  partial  variations,  we  cannot  hesitate  to  admit 
the  identity  of  the  formations  in  both  countries,  and 
also  their  identity  of  age.  When  we  enter  the  Jura, 
or  the  great  calcareous  ranges  of  the  Alps,  the  enor- 
mous thickness  of  the  beds,  which  are  frequently 
inaccessible,  and  the  indurated  and  subcrystalline 
texture  which  they  often  assume,  present  consider- 
able difficulties,  if  we  attempt  to  identify  them  with 
well  known  formations*  Much  confusion  and  con- 
trariety may  be  observed  in  the  classification  of  these 
rocks  by  different  geologists;  but  this  has  partly 
arisen  from  the  observers  not  being  thoroughly  ac- 
quainted with  the  formations  with  which  they  were 
to  make  the  comparison,  and  partly  from  the  vague 
and  contradictory  use  of  the  terms  Alpine  limestone 
(calcaire  Alpiri)  and  Jura  limestone  {calcaire  de 
Jura).  There  is,  however,  in  some  parts  of  these 
mountains,  both  an  identity  of  mineral,  and  of 
zoological  characters,  with  some  of  the  formations  in 
the  upper  secondary  strata  in  England.  A  thick 
bed  of  blue  lias,  filled  with  the  Gryphcea  arcuata^  in 
the  mountains  on  the  lake  of  Annecy,  and  fragments 
of  oolite,  like  that  of  Gloucestershire,  from  the  top 
of  Mont  Grenier,  near  Chamberry,  left  me  no  doubt 
of  the  identity  of  the  formations  of  England,  France, 
and  Savoy;  and  no  reason  can  be  assigned,  which 
might  lead  us  to  infer,  that  the  similar  formations  in 
each  country  were  not  cotemporaneous.  With  re- 
spect to  very  remote  countries,  or  the  countries  in 
opposite  hemispheres,  we  have  as  yet  few  data  to 
determine  whether  there  be  a  similarity  of  fossil 
remains,  which  can  identify  formations  that  may 
appear  analogous,  or  even  whether  such  a  similarity 
could  identify  them,  when  they  occur  in  very  differ- 
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'  «mt  latitudes,  and  under  very  different  degrees  of 
temperature. 

There  is  another  circumstance,  independent  of 
climate  or  remote  distance,  that  may  have  occa- 
sioned  a  cliange  in  the  genera,  and  even  in  the 
orders  and  classes  of  animals,  wltose  remains  are 
found  in  similar  strata.  The  ocean  may  have  been 
much  deeper  in  one  part,  than  in  another  not  very 
remote,  and  the  deepest  bed  of  the  ocean  might 
support  genera  of  pelagian  animals*;  while  a  more 
shallow  adjacent  part  might  be  tenanted  by  different 
genera,  and  even  different  orders  and  classes  of 
animals,  whose  organisation  fitted  them  tor  moving 
near  the  surface  of  the  water.  The  transition  strata 
were  probably  formed  under  a  great  depth  of  the  sea: 
and  few  of  the  animals,  wiiose  remains  are  found  in 
these  strata,  possessed  the  power  of  locomotion  in  an 
eminent  degree.  The  animals  possessing  this  power 
were  chiefly  chambered  tiniv.ilve  Mollusca ;  their 
shells  are  divided,  and  have  a  tube  or  siphuncuhis 
passing  through  each  cell,  by  which  they  were  enabled 
to  exhaust  the  water,  and  rise  to  the  surface  from 
immense  depths.  The  shells  of  these  animals  did 
not  tbrm  an  outer  covering,  but  were  partly  en- 
veloped in  their  bodies,  and  appear  to  have  per- 
formed  the  fimction  of  an  air  bladder.  They  had 
heads  surrounded  by  feelers  and  large  eyes;  their 
beaks  were  like  those  of  the  parrot.f  The  feelers 
whicli  surrounded  their  heads  served  them  for  seizing 
their  prey,  and  for  swimming  and  walking  at  the 
bottom    of  the    sea;    they   swam  with    their   heads 

*'  Pelagian  animals,  so  calli^d  t>y  naturalieU  bucauBC  (Iiey  live  m 

t  Tlifc  animals  of  this  Order,  to  which  Cuvier  has  given  the 
name  of  CephaltiiKxIes,  from  their  feelers,  which  serve  as  feel,  being 
attached  to  their  heads,  comprise  several  genera,  as  the  cuttle-68h, 
the  calniar,  &c.  but  the  loiter  animals  hnve  no  sheila.  The  Argn- 
nauta,  common  in  the  Mediterranean,  has  an  open  uncliambered 
shell.  There  are  numerous  minute  microscopic  chambered  sheila 
found  in  the  present  seas,  but  according  to  Cuvier  the  living  animal 
'"*  never  yet  been  observed.  —  Jiegne  Animal,  tom.ii,  p.367< 
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behind  them;  and  when  they  walked,  their  heads 
were  downward.  There  are  only  two  known  genera 
of  chambered  animals  of  this  class  inhabiting  the 
present  seas ;  the  Nautilus,  and  the  Spirula,  —  their 
shells  are  spiral :  the  greatest  number  of  chambered 
fossil  shells  found  in  the  upper  secondary  strata  are 
also  spiral,  and  are  well  known,  as  Ammonites  and 
Nautilites.  It  is  probable  that  the  animals  that  had 
straight  chambered  shells  possessed  greater  facility 
of  rising  to  the  surface  than  the  spiral  ones,  and 
accordingly  we  find  them  chiefly  in  the  oldest  and 
lowest  formations.  *The  animals  of  this  class  having 
heads  and  various  senses,  seem  to  rank  high  in  the  scale 
of  sentient  organic  beings ;  but  they  are  not  numerous, 
till  we  rise  into  the  secondary  strata,  above  the  coal 
formation. 

Very  few  spiral  unchambered  shells  occur  in  the 
transition  rocks*;  for  these  animals  crawl  on  their 
bellies  like  the  snail,  and  do  not  seem  fitted  to  live 
in  deep  water,  unless,  like  the  Helix  Janthina,  which 
nearly  resembles  the  snail,  and  lives  in  the  Southern 
Ocean,  they  had  little  appendages  like  bladders,  which 
enabled  them  to  rise  to  the  surface.  Univalve  un- 
chambered spiral  shells  become  numerous  in  the 
upper  strata,  probably  from  the  circumstance  that 
these  strata  were  deposited  under  shallower  seas. 

With  respect  to  that  class  of  the  testaceous  Mo- 
luscae  which  did  not  enjoy  the  privilege  of  having 
heads  and  eyes,  their  motives  for  travelling,  whether 
for  pleasure  or  necessity,  must  have  been  few  indeed; 
and  they  may  be  supposed  to  enjoy  life  as  well  in 
the  deepest  recesses  of  the  ocean,  as  nearer  its 
surface.  The  tenants  of  bivalve  shells,  called  by 
Cuvier  Acephales\y  have,  however,  a  power  of  loco- 
motion which  they  effect,  some  by  thrusting  out 
a  membrane  called  a  foot,  and  with   it  they  also 

♦  All  unchambered  spiral  shells  were  occupied  by  animals  which 
had  an  organ  of  motion  placed  under  the  body,  as  in  snails :  they 
had  heads,  and  are  called  by  Cuvier  Gasteropodes. 

f  Acepbales  —  having  no  heads. 
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attach  themselves  to  rocks  or  other  bodies,  by  a 
number  of  filaments  called  the  Byssus,  which  they 
can  remove  at  pleasure:  others  have  two  tubes, 
with  which  they  force  out  water  with  considerable 
violence,  and  impel  themselves  in  an  opposite  di- 
rection; and  others  again,  by  a  strong  muscular 
action  in  opening  and  shutting  their  shelLs,  can  jump 
twelve  inches  at  one  leap. 

All  these  modes  of  motion,  however,  though  suffi- 
cient for  the  wants  of  the  animal,  are  very  limited  in 
their  operation,  and  are  equally  adapted  for  animals 
in  deep  or  shallow  seas,  in  rivers  or  lakes :  accord- 
ingly we  find  numerous  testaceous  Mollusca  of  this 
class,  both  in  the  transition,  the  secondary,  and  the 
tertiary  strata,  and  in  our  present  seas  and  lakes,  and 
at  various  depths. 
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CHAP.  XI. 

TABULAR  ARRANGEMENT  OF  SECONDARY  STRATA. 

—  RED  SANDSTONE.  —  MAGNESIAN  LIMESTONE — 
ROCK  SALT  AND  GYPSUM. 

Relative  Geological  Position  of  the  Secondary  Class  of  Rocks.-** 
Their  Miner^  and  Zoobgical  Characters.  -*-  Tabular  Arrange- 
ment. —  New  Red  Sandstone  and  Red  Marie.  —  Upper,  Midme» 
and  Lower  Beds,  chiefly  formed  of  the  Fragments  of  more 
ancient  Rocks,  broken  by  some  great  Convulsion.  —  Lowest  Red 
Sandstone,  or  Roth-todte  Liegende  of  the  German  Geologists.  — - 
Separated  from  the  Middle  Beds,  by  Beds  of  Magnesian  Lime- 
stone. —  Middle  and  Upper  Beds  of  Red  Sandstone  and  Marie ; 
their  Accordance  with  those  of  France  and  Germany.  — 
Muschel  Kalk  wanting  in  England,  but  probably  exists  m  Ire- 
laud,  as  the  Lily  Encrinite  has  recently  been  discovered  there. 

—  Magnesian  Limestone  of  the  Northern  Counties.  —  English 
Red  Marie  and  Sandstone  formed  of  more  ancient  Rocks,  parti- 
cularly of  Porphyry  and  Trap.  —  Gypsum  accompanying  Rock 
Salt  originally  Anhydrous.  —  Rock  Salt  Deposits,  in  different 
Formations. 

Secondary  rock  formations,  comprise  all  the  regu- 
lar strata  that  cover  the  transition  rocks  and  coal 
measures,  and  terminate  with  chalk.  Their  mineral 
characters  may  be  briefly  described,  as  they  occur  in 
England,  France,  and  part  of  Germany.  They  con- 
sist of  vast  depositions  of  sandstone  and  conglomerate 
beds,  and  of  numerous  calcareous  beds,  separated  by 
beds  of  clay  and  sand.  The  limestones  are  less  crys- 
talline, and  more  soft  and  earthy  than  transition  or 
mountain  limestone.  They  abound  in  remains  of  testa- 
ceous animals,  which  are  chiefly  marine  shells ;  but 
remains  of  freshwater  animals  occur  in  some  of  the 
secondary  beds ;  and  parts  of  fossil  terrestrial  vege- 
tables are  also  sometimes  found,  proving  the  existence 
of  dry  land,  at  the  period  when  the  strata  were  depo- 
sited.    Secondary  strata  cover  a  large  portion  of  the 
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habitable  globe,  and  are  the  immediate  subsoil  of  the 
most  fertile  districts  in  England,  and  various  parts  of 
Europe.  No  beds  of  good  mineral  coal  are  immd  in 
any  pait  of  tiie  secondary  series  of  strata,  above  the 
regular  coal  measures  in  England  ;  but  some  beds  of 
impertijct  coal,  and  wood  coal,  occur  in  the  secondary 
formations:  and  this  is  also  the  case  in  similar  form- 
ations  on  the  Continent.  Neither  metallic  veins  nor 
raelaJlic  beds  deserving  notice  (except  of  iron  ores) 
occur  in  this  class  of  rocks  ;  nor  do  they  afford  any  of 
the  rare  species  of  crystallised  minerals.  Rock-salt 
and  gj'psum  are  the  most  valuable  minerals  found  in 
the  secondary  strata;  and  tt  is  from  them  tliat  all  tlie 
important  salt-springs  issue.  Some  of  the  rocks  in 
this  class  yield  useful  materials  for  architecture ; 
but  the  stone  is  generally  soft  and  perishable.  To 
the  rocks  of  this  class,  Werner  gave  the  name  of 
flcetz  or  flat  rocks,  because  in  tlie  northern  parts  of 
Europe  tliey  are  generally  arranged  in  nearly  hori- 
zontal strata;  but  this  character  is  altogether  inap- 
plicable to  the  upper  secondarj-  strata  in  tlie  outer 
ranges  of  the  Alps,  and  in  the  Jura  chain,  where 
they  may  be  observed  bent  in  every  possible  direc- 
tion, and  sometimes  nearly  vertical.  In  these  moun- 
tain ranges,  the  mineral  characters  of  the  upper 
secondary  limestones  also  frequently  undergo  a  con- 
siderable change,  and  become  indurated  and  crystal- 
line,  like  transition  limestones. 

It  has  been  stated  in  the  preceding  chapters,  that 
the  coal  strata,  which  are  interposed  between  the 
transition  rocks  and  the  secondary  strata,  contain  al- 
most exclusively  the  organic  remains  of  terrestria!  and 
lacustrine  or  marsh  plants,  while  the  fossils  in  the  lower 
or  transition  class,  belong  almost  exclusively  to  marine 
animals.  Another  great  change  appears  to  have  taken 
place  in  the  condition  of  our  planet  after  the  depo- 
sition of  the  coal  strata,  for  the  upper  secondary  strata 
contain  principally  the  remains  of  marine  animals.  It 
is  in  the  strata  belonging  to  this  class,  that  the  bones 

id  entire  skeletons  of  enormous  reptiles  are  first  dis- 
Q  4. 
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covered.  It  is,  however,  truly  remarkable,  that 
throughout  the  whole  series  of  the  upper  secondary 
strata,  no  bones  of  mammiferous  land  quadrupeds 
have  yet  been  found  ;  the  strata  at  Stonesfield  alone 
present  a  solitary  exception. 

In  England,  the  order  of  succession  of  the  upper 
secondary  rocks  may  be  more  distinctly  ascertained, 
than  in  any  other  country  that  has  yet  been  exa^ 
mined.  I  shall  therefore  describe  them  as  they  oc- 
cur in  our  own  country,  with  references  to  foreign 
localities,  where  the  same  beds  oi'  formations  are  well 
identified  with  the  English  strata.  Geologists  on  the 
Continent,  and  particularly  in  France,  had,  till  very 
recently,  no  accurate  knowledge  respecting  several 
of  these  formations ;  and  their  classifications  of  them 
were  vague  and  contradictory.  More  attention, 
however,  has  very  lately  been  directed  to  this  part 
of  the  geology  of  France ;  and  the  clear  accounts 
which  have  been  published  by  M.  Elie  de  Beaumont 
in  particular,  of  some  of  these  formations,  remove 
much  of  the  obscurity  which  prevailed  respecting 
them,  and  prove,  in  a  satisfactory  manner,  the  great 
similarity  which  may  be  observed,  in  the  secondary 
formations  of  England  and  France. 

In  the  following  tabular  arrangement  of  the  se- 
condary formations,  above  the  transition  and  coal  form- 
ations, 1  have  not  thought  it  expedient  to  introduce 
all  the  minor  subordinate  beds  in  each  formation : 
those  which  possess  any  geological  importance  will 
be  subsequently  noticed.  It  may  be  frequently  ob- 
served, that  particular  beds  which  occur  in  one  part 
of  a  formation,  and  are  considerably  developed,  can- 
not be  traced  even  into  an  adjacent  district,  or  they 
vary  so  much  in  thickness  and  mineral  characters,  as 
scarcely  to  be  recognised.  If  we  take  an  extensive 
formation,  like  the  oolites,  as  an  example,  it  is  not 
possible  to  assign  any  one  part  of  the  range,  as  afford- 
ing a  correct  type  of  all  the  series  in  distant  or  even 
in  neighbouring  parts  of  the  range,  though  we  may 
trace  a  general  resemblance  in  all  the  principal  beds; 
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and  this  I  hold  to  be  amply  sufficient  for  every  valu- 
able purpose  in  geology.     (See  Note  *,  p.  235.) 

SECONDARY    FORMATIONS, 

above  the  transition  and   regular  coal   formations^ 
and  terminating  with  chalk. 

1.    RED     SANDSTONE     AND     MARLE     WITH     MAGNESIAN 

LIMESTONE. 

a  Lower  beds    of  new    red        a  Grit  rouffe  atieiem  ei  roik' 
sandstone  todte 


b  Magnesian  limestone  b  Zeich$iein  H  rauche  waeke. 

e  Upper  red  sandstone  c  Gres  bigarri  H   grit    det 

(Muschel  kalk  wanting  in  votges^  mumM  kaUu 

England.) 

d  Red   marie    with    fibrous  d  Keuper,  mamet  irrima. 

gypsum 

S.    LIAS.  — ^^LIMESTONE    AND    LIAS    CLAY. 
a  White  lias  and  micaceous  1 

b  Bl^Sl'^wtth  marlstone       f  ^^^'^^  ^  grgphUn^ 
e  Lias  clay  and  shale  J 

3.    OOLITE  LIMESTONE  AND    BEDS  OF  CLAY    AND  SAND- 
STONE. 
a  Lnferior  and    Bath  oolites^ 


Calcaires  ooHtiffueSf  and  some- 
*      times  calcaires  de  Jura^  and 
also  calcaire  Alpin, 


with   sandstone,    Oxford 

or  dunch  clay 
b  Middle  oolites 
e  Bituminous  or  Kimmeridge 

clay 
d  Upper  or  Portland  oolite 

4.    WEALDEN  OR    SUSSEX    BEDS. 

a  Weald  clay  with  sandstone  fXhis  may  be  regarded  as  a  local 
b  Sandstone,  calcareous  grit  J      formation  of  limited  extent, 
c  Petworth  and  Purbeck  lime- I      but  extremely  interesting  on 
stone  1^     account  of  its  fossil  remains. 

5.    GREEN    SAND    AND    CHALK. 
a  Lower  green  sand  and  iron  *! 

b  Birday,  called  Gait  [  ^*  «^  etgrisferrugineux. 

e  Upper  green  sand  J 

d  Chalk  marie  Craie  iufeau. 

e  Chalk  without  flints  1  Craie  infMeure,  ei 

f  Upper  or  flinty  chalk  J  Crtnt  mpirUurt. 
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A'rti'  Red  Sandstone  is  so  called  to  distinguish  it  from 
a  red  sandstone  found  among  transition  rocks,  (see 
Chap.  VII.).  The  new  red  sandstone  is  a  verj-  extcn* 
sive  and  complex  formation  :  its  prevailing  mineral 
character  is  siliceous ;  but  it  sometimes  comprises  cal- 
careoiis  beds  of  considerable  magnitude  and  extent. 
The  new  red  sandstone  may  be  conveniently  divided 
into  three  scries,  or  the  upper,  the  middle,  aiid  the 
lower  beds ;  where  the  beds  of  limestone  occur,  they 
serve  to  mark  the  divisions  in  the  series  with  sufficient 
distinctness,  but  where  they  are  wanting,  thc-se  divi- 
sions cannot  always  be  observed.  A  limestone  con- 
taining magnesia,  separates  the  lower  from  the  middle 
series,  in  the  northern  counties  of  England,  but  is 
wanting  in  the  midland  and  western  cotiiities^ 

In  France  a  calcareous  bed,  called  muschel  kalk,  se- 
parates the  middle  series  from  the  upper  ;  but  this  has 
not  been  discovered  in  England.  The  red  sandstone  in 
England  covers  the  lower  rocks  unconformabiy,  which 
proves  that  the  lower  rocks  were  tilted  up,  before  tiie 
strata  oi'  red  sandstone  here  were  deposited  :  this  up- 
heaving  oi  the  lower  beds  must  have  been  attended 
with  great  convulsions,  which  probably  supplied  the 
sand  and  fragments,  of  which  many  of  the  beds  oi' 
red  sandstone  are  composed.  Indeed,  it  is  highly 
probable,  lh.it  this  sandstone,  and  the  conglomerate 
beds  in  diHcrent  parts  of  it,  were  formed  by  the  vio- 
lent disintegration  of  the  older  rocks,  and  of  trap 
rocks,  that  were  protruded  at  tlie  era  of  some  great 
convulsion,  which  broke  down  a  large  portion  of  tlie 


•  Those  who  know  into  how  many  miitakes  even  eminent  geo- 
logist*, ha*e  fiiUen  into,  respecting  the  formaiionB  in  their  own  im- 
mediate vicinity,  by  attempting  to  introduce  numerous  subdiviBiona 
of  ■traiB,  and  to  identity  them  with  those  in  other  situations, 
will  be  ready  to  acknowledge  that  such  labours  arc  too  microlo' 
gical,  and  that  by  endeavouring  to  mark  divisions,  where  Nature 
has  not  esublished  them,  we  lose  our  time,  and  introduce  needleM 
perplexity  into  the  science.  A  reference  to  the  two  section*  of 
the  oolite  formation,  given  at  the  end  of  the  next  chapter,  will 
wrre  to  evince  the  truth  of  the  above  remarks. 
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ancient  crust  of  the  globe,  and  spread  the  debris  far 
and  wide  over  the  bed  of  the  existing  ocean.  Frag- 
ments of  the  older  rocks  occur  in  the  different  beds 
of  this  sandstone,  and  some  of  the  beds  are  almost 
entirely  formed  of  such  fragments.  This  mode  of 
formation,  would  sufficiently  account  for  the  great 
diversity,  both  in  the  nature  and  thickness  of  the  beds, 
in  different  districts.  I  am  inclined  to  believe,  that 
the  disintegrating  causes  which  broke  down  part  of 
the  ancient  rocks,  and  spread  their  ruins  over  a  great 
extent  of  surface,  acted  at  successive  periods  of  com- 
paratively short  duration,  succeeded  by  long  intervals 
of.  repose,  during  which  the  calcareous  strata  were 
deposited. 

The  lower  red  sandstone  was  not  known  as  a  mem- 
ber of  the  red  sandstone  formation  in  England,  before 
Professor  Sedgwick  ascertained,  that  it  formed  beds 
of  considerable  magnitude  below  the  magnesian 
limestone  in  Durham  and  Yorkshire.  It  does  not, 
however,  extend,  as  he  supposed,  to  the  southern 
termination  of  the  magnesian  limestone  in  Notting- 
hamshire ;  for  there  I  have  found  the  lowest  beds  of 
magnesian  limestone  resting  immediately  on  the  coal 
measures,  and  a  part  of  the  upper  red  sandstone 
covering  the  limestone.  The  lowest  beds  of  red  sand- 
stone are  in  some  situations  conglomerates ;  in  others 
coarse  siliceous  sandstone  is  often  much  intermixed 
with  decomposing  crystals  of  felspar.  Sometimes  it  is 
found  finer  grained,  and  mixed  with  micaceous  shale 
and  reddish  marie.  The  beds  are  generally  more  or 
less  impregnated  with  the  oxyd  of  iron,  and  coloured 
red  or  yellow.  The  thickness  of  the  beds  differs 
much  in  different  situations,  as  might  be  expected 
from  its  lying  upon  the  lower  beds  unconformably, 
and  therefore  resting  upon  an  uneven  surface.  The 
lower  new  red  sandstone  in  the  western  counties  of 
England,  and  in  various  parts  of  the  Continent,  con- 
tains fragments  of  different  rocks  cemented  by  fer- 
ruginous sand   or  marie,   and  masses  of  imperfect 
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porphyry,  and  abundance  of  felspar,  both  in  a  de- 
composed state  and  in  perfect  crystals.  The  magne- 
sian  limestone,"  over  the  lower  red  sandstone,  should 
here  be  described  in  the  ascending  series ;  but  the 
description  would  disconnect  the  account  of  the  up- 
per and  lower  red  sandstone,  which  are  strictly  but 
one  formation.  I  shall,  therefore,  defer  the  descrip- 
tion of  the  magncsian  limestone,  until  that  of  the 
red  sandstone  is  gone  through.  In  fact,  the  mag- 
nesian  limestone  does  not  always  occur  in  the  red 
sandstone. 

New  Red  Sandstone  and  Marie  above  magncsian 
limestone.  The  beds  have  generally  the  prevailing 
colour  which  the  name  implies,  but  are  oflen  marked 
with  irregular  veins  and  spots,  of  a  yellowish  or  bluish 
colour,  and  the  sandstone  is  sometimes  yellow  or 
grey,  with  occasional  spots  of  red. 

The  composition  of  different  strata  in  this  form- 
ation is  extremely  various :  in  some  part3  we  find  an 
argillaceous  marie  in  different  states  of  induration, 
and  more  or  less  intermixed  with  calcareous  earth. 
In  other  parts  we  meet  with  regular  strata  o^  siliceous 
sandstone;  and  sometimes  we  have  a  conglomerate 
sandstone,  or  a  soft  sandstone,  enclosing  rounded 
pebbles  of  quartz  and  Lydian  stone,  granite  and 
porphyry,  as  in  the  rock  on  which  Nottingham  and 
the  Castle  stand.  In  the  lower  part  of  this  division, 
as  well  as  in  that  beneath  the  magncsian  limestone,  the 
beds  are  porphyritic,  and  contain  imperfect  crystals 
of  felspar;  sometimes  they  pass  into  amygdaloid  and 
trap.  The  fine  siliceous  sandstones,  when  closely 
examined,  are  often  found  to  contiiin  fragments  of 
the  neighbouring  rocks:  thus  the  sandstone  in  the 
vicinity  of  Charnwood  Forest,  as  before  stated,  con- 
tains fragments  of  slate  and  chlorite  slate ;  and  the 
conglomerate  beds  on  the  northern  side  of  that  range 
of  hills,  are  pri!icii)ally  composed  of  fragments  of 
granitic  and  slate  rocks.  No  formation  presents  such 
a  great  variety  of  mineral  characters  as  the  red  marie 
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and  sandstone.  In  England  it  has  frequently  been 
confounded  with  the  red  sandstone  and  conglomerate, 
that  occur  under  the  upper  transition  limestone,  called 
by  English  geologists  the  old  red  sandstone.  But  the 
old  red  sandstone  of  foreign  geologists,  or  roth-iodte 
Uegende  •,  the  gres  ancien  of  Daubuisson,  covers  the 
coal  formation,  and  therefore  corresponds  with  the 
lowest  beds  of  the  English  red  marie  and  sandstone. 

Where  the  red  marie  and  sandstone  formation  is 
fully  developed,  it  may  be  arranged,  as  before  stated, 
under  three  divisions :  the  lower,  which  corresponds 
with  the  roth-todte  Uegende,  consisting  of  fragments 
of  different  rocks  cemented  by  sand  or  marie,  and  of 
beds  of  imperfect  porphyry;  this  occurs  below  magne- 
sian  limestone:  the  middle  beds,  consisting  chiefly 
of  sandstone,  called  by  the  French  gres  rouge  and 
gres  des  Vosges :  and  the  upper,  consisting  of  marie 
and  variegated  sandstone,  in  which  beds  of  rock-salt 
and  gypsum  occur ;  this  corresponds  with  the  gres 
bigarre  and  mantes  irrisies  of  the  French.  In  England 
the  three  divisions  of  this  formation  rarely  if  ever 
occur  together,  accompanied  with  magnesian  lime- 
stone; but  it  should  appear,  from  the  situation  of 
these  different  beds  on  the  Continent,  that  the  place 
of  the  magnesian  limestone  is  between  the  lower  and 
the  middle  division  ;  for  the  magnesian  limestone  or 
zetchsteiuj  rests  on  the  conglomerate  beds  of  red 
sandstone. 

In  the  third  number  of  the  Annales  des  Mines,  1827f 
there  is  a  very  full  account  of  the  different  arenaceous 
strata  that  separate  the  coal  strata  from  lias  lime- 
stone, along  the  feet  of  the  Vosges  mountains  on  the 
eastern  side  of  France,  by  M.  L.  Elie  de  Beaumont. 
This  account  throws  considerable  light  on  a  part 
of  geology   hitherto    obscured    by   the    conflicting 


♦  The  name  Roth-todte  liegende,  or  red  dead  lyes,  was  first  ap- 
plied to  what  the  English  call  the  old  red  sandstone,  below  tlie 
coal  formation,  because  no  coal  was  found  under  it. 
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opinions  of  former  observers,  and  assimilates  tlic 
red  sandstone  of  France  and  Geniuiny  with  tlie 
different  divisions  of"  the  same  formation  in  England. 
The  Vosges  niountiiins  arc  composed  of  granite  and 
transition  rocks,  and  at  their  feet  there  are  several 
coal-fields:  the  cool  strata,  and  also  the  lower  de- 
clivities of  the  granite,  are  in  part  cm-ered  uncon- 
formabiy  by  nearly  horizontal  strata  of  red  sainlstonc; 
and  this  is  covered  by  lias  limestone.  We  ha%'e  here, 
on  a  larger  scale,  an  exact  correspondence  witJi  the 
geology  of  the  Charnwood  Forest  district,  where  the 
granite  and  slate  rocks  are  bordered  by  coal  strata, 
and  are  both  partly  covered  by  horizontal  strata 
of  red  marie  and  sandstone;  and  this  again  ia  covered 
by  lias  limestone.  The  red  sandstone  of  the  Vosges 
is,  however,  mori;  devirlopcd  ;  the  lowest  part  consists 
oi'  conglomerate  and  porphyroidal  beds :  these  cover 
tlie  coal  strata  ;  they  agree  in  tiieir  mineral  characters 
precisely  with  the  conglomerates  in  the  English  red 
sandstone,  particularly  those  of  Devonshire,  and  are 
described  by  M.  Beaumont  as  being  the  true  roih- 
todte  liegende.  Above  this  occurs  a  considerable 
thickness  of  strata  of  red  sandstone,  which  passes  by 
gradation  into  the  conglomerate ;  this  is  tlie  proper 
gris  rouge  ■■  it  is  designated  by  M.  Beaumont  grts  des 
Vonges ;  it  approaches  in  its  character  nearer  to  tlie 
grh  Ugarr^  than  to  the  lower  beds.  The  variegated 
sandstone,  or  gr^s  bigarre,  covers  the  gr^  des  Vosges  ; 
bot  there  appears  to  have  been  a  consuderable  de- 
gradation of  the  surface  of  the  gr^  des  Vosges,  and 
also  a  disturbance  of  the  beds  by  subsidence  or 
faults,  before  it  was  covered  by  the  gres  bigarre  or 
variegated  sandstone :  nevertheless  they  are  evidently 
members  of  the  same  formation. 

In  tlie  beds  of  the  gres  bigarre  there  are  found 
thin  beds  and  concretions  of  magnesian  limestone; 
and  above  this  is  a  more  extensive  formation  of 
nooke  grey  limestone  called  mttschel  talk,  abounding 
in  organic  remains.     In  this  limestone,  the  beautitiil 


wanting  in  England.  In  its  mineral  characteri 
bears  a  near  resemblance  to  the  limestone  called  I 
btit  it  is  separated  from  tlie  lias  of  the  Vosges  by 
tbick  beds,  corresponding  with  the  English  red  marie, 
but  called  by  the  French  mantes  irrisces,  from  their 
spotted  and  variegated  colours.  The  fossils  in  the 
nuischel  kalk  bear  a  nearer  relation  to  those  in  the 
lias  than  to  the  shells  in  the  niagncsian  limestone 
below  it;  but  neither  belemnites  nor  gryphites  occur  in 
this  limestone  in  the  Vosges.  Its  chief  fossils  are  the 
lily  cncrinite,  two  species  of  ammonite,  the  terebratula 
subrotunda,  and  a  species  of  muscle.  According  to 
M.  E.  Beaumont,  were  it  not  for  the  intervention  of 
the  mnschci  kalk,  there  would  be  a  complete  passage 
of  the  red  sandstone  into  the  red  marie,  as  occurs  in 
England.  It  deserves  attention,  that  the  lily  encrinite 
has  just  been  discovered  in  limestone  brought  i'ra 
Ireland  to  the  Isle  of  Wight.  The  drawing  I  hjj 
<«ei»  of  it  leaves  no  doubt  of  the  factj  but  whetberfl 
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limestone  be  mountain  limestone,  as  it  is  called,  or  the 
musetiel  kalk,  renialiis  to  be  determined.  Thick 
beds  of  red  marl,  with  libroiis  gypsum,  compose  (lie 
upper  part  of  the  new  red  formation  in  the  miiUand 
counties  of  England :  the  red  marl  is  generally 
spotted,  and  striped  by  greenish  and  yellow  marl. 

The  beds  of  red  marl  and  sandstone  of  this 
formation,  occupy  a  considerable  ]>art  of  the  midland 
counties  in  Kngland,  extending  from  tlie  eastern  side 
of  Yorkshire  into  Devonshire,  and  on  the  west,  with 
some  interruption,  from  Cumberland  to  Gloucester- 
shire. The  beds  or  strata  never  attain  any  consider- 
able elevation  in  England ;  they  cover  or  enclose 
rocks  of  otiier  formations;  in  Leicesterslure  and 
Warwicksliire  they  surround  rocks  of  sienite,  granite, 
porphyry  slate,  greenstone,  and  quartz.  The  granite 
and  greenstone  of  the  Alalvern  Hills,  arc  cmercd 
on  the  southern  side  by  the  same  red  marl  and 
sandstone.  In  Devonshire,  several  rocks  of  greenstone 
and  amygdaloidal  tnip  are  also  surrounded  by  it;  anil 
at  Rouvray  in  France,  on  the  road  to  Dijon,  I  observed 
a  low  range  of  sicnitic  and  granitic  rocKS  rising  from 
a  similar  red  marl,  which,  like  the  English  red  marl, 
was  covered  by  blue  lias  with  grypliitcs.  It  was 
formerly  maintained  by  Mr.  Farey,  tliat  the  sienitic 
and  granite  rocks  of  Charnwood  Forest  and  Malveni, 
were  merely  anomalous  masses  in  the  red  marl ;  and 
though  this  opinion  was  deemed  extravagant,  and 
afterwards  abandoned  by  Mr.  P'arey  himself,  I  am 
inclined  to  believe,  that  there  is  a  greater  connection 
between  these  different  formations,  than  has  hitherto 
been  admitted. 

The  red  marl  and  sandstone  of  England,  appear 
to  me  to  have  been  principally  formed  by  the  disin- 
tegration of  rocks  of  trap,  greenstone,  sienite,  and 
granular  quartz :  the  iron  in  tlie  decomposing  trap 
rocks,  has  probably  given  to  this  formation  its  red 
colour.  I  conceive  that  the  argillaceous  marls  have 
also  been  principally  formed  from  the  trap  rocks,  and 
the  siliceous  sandstones  from  the  granular  quartz 
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rock.  That  rocks  of  sienite,  trap,  and  quartz,  w«i0 
once  extensively  spread  over  the  districts  now  cover- 
ed with  red  marl,  might,  I  think,  be  sufficiently 
ascertained,  by  tracing  them  through  the  red  marl 
districts,  where  they  just  peep  above  the  surface, 
or  they  might  be  discovered  by  sinking.  The  sienitic 
rocks  of  Charnwood  Forest  may  be  distinctly  traced 
into  Warwicksliire ;  from  thence  to  the  Malvern 
Hills  the  connection  may  be  followed ;  and  from 
the  Malvern  Hills  to  the  trap  rocks  in  Gloucester- 
shire, Somersetshire,  and  Devonshire }  but  every 
where  accompanied  by  the  red  marl,  or  near  to  it. 
The  quartz  rock  at  the  Lickey,  near  Bromsgrove, 
is  not,  as  has  hitlrerto  been  believed,  the  only  rock 
of  the  kind  in  the  midland  counties ;  it  may  be  found 
near  Atherstone  in  Warwickshire,  and  is  doubtless 
associated  with  the  greenstone  rocks  in  that  neigh- 
bourhood, as  members  of  the  Charnwood  Forest 
range  of  hills.  • 

I  was  informed  by  T.  Johnston,  Esq.  of  Exeter, 
that  be  had  frequently  examined  the  red  ground  in 
the  vicinity  of  the  different  trap  rocks  in  Devon- 
shire, and  that  be  invariably  found  it  composed  of 
fragments  of  these  rocks,  increasing  in  size  as  he 
approached  nearer  to  them.  The  sand  rock  on 
■which  Nottingham  and  Nottingliam  Castle  are  built, 
has  evidently  been  formed  of  the  ruins  of  more 
ancient  rocks  in  its  vicinity ;  and  the  rounded  peb- 
tles  of  quartz  and  of  Lydian  stone,  granite,  poi*pbyry, 
jasper,  and  mica-slate,  indicate  that  they  have  come 
from  rocks,  formerly  connected  with  the  Charnwood 
Forest  range.  Still  nearer  the  Charnwood  hills,  the 
■finest  sandstone  contains  fragments  of  slate,  and  tiio 

•  In  the  village  of  Hartshill,  near  Atliersione,  wlien  the  auUior 
was  at  school  there,  the  quartz  rock  was  employed  in  mending  the 
roads:  it  is  granular  without  cement,  and  breaks  into  sharp  edfjed 
fnigmentB;  it  has  a  liglit  reddish  colour.  When  a  hsndlul  of  Ihi: 
fragments  arc  taken  from  the  roads,  and  thrown  upon  the  ground 
forcibly  Jn  the  dark,  tliey  produce  numerous  scintillations  like  stars, 
—  an  experiment  which  has  often  excited  the  surprise  of  the 
autfaor  and  his  schoohnatee. 
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ver  congloraerate  is  almost  entirdy  composcU  uf 
the  fi'agmeuU  of  the  Charuwood  roclu,  as  iKibre 
observed.  In  the  Vosges,  the  red  saudsloue  exery 
where  accorapaiiics  the  graoitic  and  transition  rock^ 
of  which  it  al»»  ctHitaius  fragDientii.  it  mufH  be 
recollected  that  the  rocks  most  diiipuaetl  to  ilecoui^ 
pose  or  duiintegrate,  would  be  tlie  soono&t  wuru 
down.  With  the  exception  of  tlie  Malvera  ran^e  we 
iiave  no  rocks  of  sott  granite,  or  si^nite  in  i^nglaiid, 
iike  those  of  Auvergiie,  or  of  the  Forez  niouutairtH  in 
France;  and  tlie  reason  why  we  have  not,  may  be, 
that,  from  tlieir  smaller  magnituilc,  they  were  probably 
carried  away  by  those  mightv  inundations,  that  have 
swept  over  our  present  islautU  and  continents  'J'lie 
Malvern  Hills,  tlie  Lickey,  Uie  Charnwood  Fore»t 
Hills,  and  the  trap  rocks  in  Gloueestershin^  Soaier- 
setshire,  and  Devonshire,  are  the  remaining  nuclei  of 
much  larger  ranges,  as  the  scattered  Iragmeut^  in  llie 
adjacent,  as  well  as  in  distant  dislricW  attest.  If  tlie 
red  marl  and  sandstone  in  Ki>gland,  mul  iii  otlicr 
coiuitries,  were  tbrnied  of  dccouiposing  roci^s  of  trap, 
granular  quartz,  porpliyry.  sienite,  aihl  gi-Biute,  tlie 
Irequent  occurrence  of  ]>Drpliyroidal  b*3<i»  in  ihu 
ibrmation  may  admit  of  a  probable  explanation. 

It  ia  not  intended  to  maiutain,  that  evt^ry  bed  or 
stratum  in  this  extensive  tunnatJon  is  composed  prin- 
cipally of  the  fragments  oi'  transition  and  trap  rocks ; 
but  it  may  sati:ly  be  afiirnied,  that  there  are  few 
strata,  in  which  some  of  these  fragments  may  not  be 
discovered. 

The  red  marl  produces  some  of  the  most  tertJJe 
soils  in  England,  which  may  be  partly  owing  to 
its  formation  from  soft  trap  rocks.  ISome  basaltic 
rocks  decompose  rapidly,  and  are  known  to  form  soil 
favourable  to  vegetation ;  several  basaltic  rocks  in 
Staiibrdshire  decompose  into  a  reddish  brown  clay, 
moderately  tenacious. 

A  very  remarkable  discovery  has  been  recently 
made  (1828),  of  the  foot-marks  of  some  unknown 
quadruped  in  strata  of  new  red  sandstone,  at 
a  2 
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Corn  Cockle  Muir,  three  miles  from  Lochmaben  in 
Dumfries-shire.  They  were  found  forty-five  feet  un- 
der the  present  surface ;  the  strata  are  inclined  thirty- 
seven  degrees.  This  circumstance  was  communicated 
to  the  author  by  Mr.  Murray,  jun.  of  Albemarle 
Street,  who  showed  him  at  the  same  time  a  plaster 
cast,  taken  from  a  slab  of  stone,  in  which  the  im- 
pressions were  tolerably  distinct,  and  also  part  of  a 
thin  stratum  of  the  stone  itself,  with  indistinct  im- 
pressions of  a  similar  kind.  There  can  scarcely  be 
a  doubt,  that  they  were  the  real  foot-marks  of  a  digi- 
tated animal  having  short  toes  and  claws,  and  the 
foot  broad  in  proportion  to  its  length.  The  breadth 
of  the  foot  is  above  one  inch.  The  part  of  the  sand- 
Stone  in  Mr.  Murray's  possession,  appeared  principally 
composed  of  granular  fragments  of  reddish  quartz 
rock  and  felspar,  with  spots  of  chlorite  or  hornblende. 
As  remains  of  reptiles  have  been  found  in  the  zetch- 
stein  or  magnesian  limestone  on  the  Continent,  which 
is  as  ancient  as  the  new  red  sandstone,  may  not  this 
animal  have  been  a  reptile  allied  to  the  tortoise  ? 

Since  the  publication  of  the  third  edition  of  this 
work.  Professor  Buckland  has,  I  believe,  ascertained 
that  the  foot-marks  are  similar  to  the  foot-marks 
which  some  species  of  tortoise  make  in  sand. 

Before  concluding  the  account  of  the  red  sand- 
stone, it  may  be  proper  to  repeat,  that  in  a  formation 
of  such  complexity,  it  is  often  difficult  to  determine 
to  which  part  of  the  series  any  particular  bed  be- 
longs, unless  its  situation  be  indicated  by  some  of  the 
limestone  beds,  which  sometimes  occur  in  different 
parts  of  it  Thus,  in  Devonshire,  the  porphyritic 
beds  and  conglomerates  may  belong  to  the  lowest,  or 
to  the  middle  series  of  sandstones :  their  position,  with 
respect  to  the  rocks  on  which  they  rest  unconform- 
ably,  does  not  assist  in  the  discovery.  In  Yorkshire, 
the  very  lowest  series  rest  on  coal  measures,  as  stated 
by  Professor  Sedgwick,  in  his  masterly  and  luminous 
description  of  the  geological  relations  of  the  magne- 
sian limestone,  frpm  Northumberland  to  Nottingham- 
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^hire.  At  Charnwood  Forest,  the  uppermost  scrie^ 
rests  on  ancient  granitic  ami  slate  rocks,  as  repre* 
sented  in  Plate  III.  fig.  i.  a,  a.  In  the  lowest  betls^ 
resting  on  the  slate,  I  observed  indications  of  their 
mode  of  formation,  which  I  intend  afterwards  to 
describe.  Professor  Sedgwick  first  ascertained  the 
true  relations  of  the  lower  sandstone ;  but  twenty 
years  before,  in  the  first  edition  of  this  work,  (1813, 
p.  270.)  I  gave  a  brief  account  of  the  Pontefract 
sand  rock,  as  the  last  of  the  rock  formations  over 
coal,  in  a  description  of  a  section  from  the  York- 
shire to  the  Lancashire  coast;  —  "The  magnesian 
limestone  is  succeeded  by  yellow  siliceous  sandstone, 
on  which  the  town  of  Pontefract  is  built.  We  may 
consider  this  as  the  boundary  of  tlie  low  calcareous 
jlistrict:  proceeding  in  a  direction  to  Wakefield,  we 

■Ipon  come  upon  tiie  argillaceous  coal  strata  oi'  the 

^piddle  district." 

■f.  Professor  Sedgwick  arranges  the  red  sandstone  and 

Hngncsian  limestone  in  an  ascending  series. 

^E  1.  Lower  red  sandstone,  yellow  and  red. 

^r*  Q.  Marl  .slate  and  compact  hmeslone. 

^rfSa.  Compact  and  shelly  limestone,  and  variegated 

^M  3.  Yellow  magiiesian  limestone. 
^P  4.  Lower  red  marl  and  gypsum. 
H^'5.  Upper  thin  bedded  limestone. 
^■6.  Upper  red  sandsKme. 
H['7'  Upper  red  marl  and  gypsum. 
^K  It  may  deserve  notice,  that  the  red  sandstone  ge- 
^■erally  occupies  the  depressions  in  ttie  more  ancient 
^■rata,  or  what  were  once  deep  valleys,  and  also  fills 
Kb  hollows  on  the  surface  of  ancient  rocks,  as  repre- 
sented in  Plate  III.  fig.  ■!■.  a  a.     Now,  as  these  depres- 
^pons  and  hollows  were  originally  filled  up  when  the 
^brface  was  under  the  ocean,  and  are  now  raised  some 
^Bindred  feet  above  its  present  level,  without  any 
H^arent    disturbance,    tliia  fact  proves,    that  there 
^Eppe  tvro  elevating  causes  acting  at  different  epochs, 
■r  R  ^ 
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•r-  the  first  vicJent  and  transitory,  which  tilted  up  the 
lower  beds ;  the  second,  more  extensive,  but  more 
gqulual  in  its  operation,  which  upheaved  the  whole 
CQuptry  above  the  ocean,  and  formed  islands  and 
continents. 

Magnesian  Limestone. — The  geological  position 
of.  this  rock  is  over  the  lowest  beds  of  new  red  sand- 
stone ;  but  where  this  is  wanting,  it  lies  unconf(mnably 
over  the  regular  coal  formation :  see  Chap.  VIII.  It 
is  covered  by  the  middle  and  upper  series  of  new  red 
sandstone. 

The  dolomite  found  in  primitive  and  transition 
rocks  has  been  before  described;  it  is  commonly 
white,  or  light  grey  and  granular.  That  in  the  se- 
cpndary  strata  has  generally  a  dark  brown  or  a  yel- 
^pwish-brown  colour :  it  contains  a  variable  proportioh 
of /magnesia,  sometimes  more  than  fifty  per  cent 

The  presence  of  magnesian  earth,  in  the  proportion 
of  .nearly  one  half,  in^certain  limestones,  is  a  fact  that 
strphgly  militates  against  the  theory,  which  ascribes  the 
iprmation  of  all  limestone  rocks  to  animal  secretion ; 
unless  it  shall  be  found  that  magnesian  earth  is  con- 
tained in  the  shells  and  exuvias  of  marine  animals. 
1  believe  no  anaylses  of  shells  or  coral  have  yet  been 
made,  in  order  to  ascertain  the  presence  of  magnesia 
as  one  of  their  constituent  elements.  Should  mag- 
nesia be  found  in  the  exuviae  of  certain  orders  of 
marine  animals,  and  not  in  others,  it  would  not  only 
favour  the  opinion  that  limestone  was  of  animal 
origin,  but  might  also  explain  the  cause  of  the  alter- 
nation  of  beds  of  magnesian  limestone  with  beds  of 
common  limestone,  in  the  same  mountain.  Or  should 
some  shells  of  one  species  contain  magnesia,  and 
others  none,  it  would  prove  that,  under  different  cir- 
cumstances, the  same  animal  might  form  its  shell  of 
aifferent  constituent  parts. 

Professor  SedgwicK  is  inclined  to  derive  the  magne- 
sian  limestone  from  the  debris  of  beds  of  mountain  or 
transition  limestone  which  contain  magnesia;  but 
many  beds  of  the  magnesian  limestone,  above  the 
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_  COaI  fbmution,  have  as  much  the  character  of  ori^oal 
icks  as  the  beds  of  transition  limestone,  aDcT  th^ 
Gculty  is  not  removed  by  this  h^'polbesis ;  for  U 
uiilt  remains  to  enquire,  from  whence  did  the  aiouD> 
lin  or  transition  lime-stones  derive  their  nugoeua? 
I  yon  Buch  ascribes  the  change  oi'  the  common  Iint& 
if^oe  into  dolomite  in  the  Tyrol,  tn  the  action  of  I 
■Vplcaaic  rocks  and  volcanic  va}XHirs  containing  ntag* 
f|l^a ;  but  this  opinion  is  not  likely  to  obtain  many 
nipporters.  Can  the  magnesia  found  in  some  of  th< 
fr^iaik  rocks  in  England  or  France  be  derived  from  vol' 
l;C9iiic  rocks  ?  \\'ere  the  theory  of  \'on  Buch  true,  wa 
Bought  to  expect  all  limestone  rocks  in  the  immediate 
"ncinity  of  basalt  to  be  niagnesian ;  but  some  experit 
bent^  which  I  made  on  the  moimtain  limestone  of*  | 
^rbysltire,  in  near  proximity  to  the  toadston^ 
Iproved  that  it  diJ  not  contain  so  much  magnesia,  as 
llbe  beds  that  were  much  farther  removed  from  the 
Ifjpatcr  rock. 

,  The  magnesian  limestone  is  distinctly  stratified ;  the 
"yata  varj-  iu  thickness  from  a  few  indies  to  several 
fct :  in  the  northern  counties  of  England  they  are  ' 
learly  horizontal ;  they  border  the  great  coal  IbrtDr 
\tion,  and  cover  it  on  the  eastern  side.    This  formation 
r  limestone  extends  from  the  mouth  of  the  Tjiie  to 
lear  Nottingham.      The  colour  of  the  limestone  i* 
jeoerally  a  yellowish  or  reddish  brown,  varying  ia  . 
mtensity  from  a  fawn  colour  to  that  of  an  ovcrbumt 
irick.      Some  of  the    lowest  beds   .ire    bluisli  an4  ' 
laty,  and    intermixed  with   marl  j    but  these  beds 
leluom  rise  to  the  surface,  and  their  nature  is  Uttte 
Itnown.     Sonic  beds  of  niagnesian  lunestone    have 
I  granular  sandy  structure,  others  are  imperfectly  ' 
a-ystalliue :    they  possess  a  considerable   degree   of  1 
lardness.     A  cellular  variety  of  tliis  limestone  ofr  f 
urs  near  Sunderland,  which  has  received  the  name  ' 
_  '  Honeycomb  limestone  :  it  agrees  in  most  of  its  ' 
characters  with  the  rauche  wacke  of  Thuringia,  which  j 
i  part  of  the  zetchstein  formation.  I 

Many  beds  of  magnesian  limestone  yield  a  ftrtid  | 
R  4 
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'smell  when  rubbed.  At  Sunderland,  the  beds  ( 
niagnesiaii  Uniestone  are  more  develo])ed  than  in  anj 
other  part  of  England  that  I  am  acquainted  wit! 
In  an  account  1  pubhshed  of  the  Geology  of  Dm 
ham,  in  the  Philosophical  Magazine  tor  1815,  I  esti 
mated  the  total  thickness  at  one  hundred  and  fifh 
yards.  Below  the  surface,  this  limestone  has  beeri 
bored  into  to  a  considerable  depth;  the  limestoi 
was,  as  before  mentioned,  of  a  bluish  colour.  A 
cording  to  Mr.  Farey,  "  under  the  yellow  beds  i 
magnesian  limestone,  there  are  several  beds  of  coih 
pact  blue  limestone,  abounding  with  Anomia  (Tere 
bratulie)  and  other  shells  ;  some  of  tliesc  beds  difia 
entirely  from  the  yellow  and  red  beds,  and  are  mon 

'useful  for  agricultural  purposes,  particularly  on  th' 
yellow  limestone  lands."  •      This  is  the  marl  slate  fc 
Professor.  Sedgwick.     The  lower  beds  of  this  ion 
ation  are,  I  believe,  more  fully  developed  in  mati||| 
parts  of  the  Continent  than  in  this  country,  whicl| 
occasions  some  uncertainty  in  classing  them.     Tbi 
limestone  of  Thuringia,  it  is  agreed  by  the  most  re 
spectable  geologists,  is  zetchstein,  corresponding  will 
our  magnesian  limestone;  the  lower  part  is  a  sW" 
marl,    sometimes   impregnated    with    bitumen,    an 
sometimes  with  sand.     This  bed  contains  impression) 
of  fish,  like  the  lower  beds  of  the  slaty  SunderJsM 
magnesian  limestone :  it  contains  also  a  small  quaih 
tity  of  copper  pyrites,  and  the  ores  of  lead,  cobalty 
zinc,    bismuth,  and  arsenic,    and  is  in  some  places 
worked  by  the  miners  for  its  mineral  treasures.  Above 
this  bed  their  occurs  a  blackish-grey  compact  lime-t 
stone,  very  bard  and  tenacious,  and  distinctly  9tra 
tified;  over  this  is  a  cellular  limestone;  and  abov 
this,  a  blackish  brown  limestone,  which  yields  a  fceti 
smell  wiien  struck  with  a,  hammer,  and  is  in  soi 
places  more   tliaii   one  hundred    feet   in    thickm 
All  these  different  beds  Humboldt  comprises  i 
the  name  of  zetchstein,  and  agrees  with  other  geoi 


•  Sorvey  of  Derbyrfiire,  p.  157- 
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■logists  in  referring  them  to  our  magneRian  limestone; 
1  the  lowest  bed  rests  on  tlie  reil  sandstone,  and  sonie- 
\  times  aiteniatea  with  it :  but  according  to  some  geo- 
Jjogists,  the  connection  between  tiie  two  fbrmntions  of 
fted  sandstone  and  zetchstein  is  such,  that  tlie  latter 
lay  be  regarded  as  a  subordinate  formation  to  the 
former.     The  upper  beds  of  what  has  been  called 
aetchstein  alternate  in  Switzerland  with  beds  of  gvp- 
'inni,  which  is  intermixed  with  rock-aalt;  some  of  the 
leds  are  argillaceous  limestone,   containing  ammo- 
bites  and  belemnites,  and  appeared  to  me  to  have  a 
jreater  resemblance  to  lias,  than  to  magnesian  lime- 
"  )ne. 

In  the  lower  part  of  the  magnesian  limestone  in  the 
IPest  of  England,  there  is  a  conglomerate  limestone, 
tiich  contains  fragments  of  transition  limestone,  var)'- 
;  in  size  from  several  inches  in  diameter,  to  very 
minute  grains. 

'  The  fossils  in  magnesian  limestone  are  not  numer- 
us,  at  least  in  the  upper  beds.  Fossil  fish  have  been 
inind  in  some  of  llie  lower  beds  in  the  county  of 
urham.  One  or  two  species  of  univalves,  and  atout 
ne  species  of  bivalves,  occur  in  this  limestone  ;  but 
Biese  shells  are  extremely  rare,  except  in  one  or  two 
kuations.  Some  of  the  shells,  the  prodticttis  and 
jfiri/er,  nearly  resemble  those  in  the  mountain  lime- 
Btone,  with  which  the  magnesian  limestone  appears  to 
"HJar  a  greater  analogy,  than  to  any  of  the  secondary 
trata  above  it. 

Magnesian  limestone  furnishes  the  most  durable 
liilding  stone  that  is  any  where  found  in  the  upper 
icondary  strata. 
I  do  not  agree  in  opinion  with  those  who  regard 
he  magnesian  limestone  districts  as  imfertile;  and' 
■rhaps  no  parts  of  England  are  more  saluimous,  than 
[*&ose  which  have  a  subsoil  of  this  limestone. 

'  A  few  small  strings  of  lead  ore  have  been  found 

I  tlje  magnesian  limestone  rocks  near  Sunderland. 

The  limestone  rocks  on  the  coast  of  Durham  are 

irearing  away  by  the  violence  of  the  ocean:  they 
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have  evidently  extended  much  further  to  the  ea3t 
than  at  present. 

It  has  before  been  stated,  that  beside  magnesian 
limestone^  gypsum  and  rock  salt  are  associated  with 
the  new  red  marl  and  sandstone.  Neither  of  thes^ 
minerals  are  however  confined  to  this  formation. 
Salt  springs  rise  in  many  of  the  coal  strata,  and 
gypsum  and  rock-salt  are  found  both  in  the  upper, 
secondary,  and  the  tertiary  beds ;  but  the  repositories 
of  these  minerals  are  more  characteristic  of  the  new 
red  sandstone,  and  may  therefore,  with  propriety,  be 
described  in  the  present  chapter. 

Gypsum  occurs  in  the  new  red  marl  and  saud* 
stone,  both  fibrous  and  massive :  the  fibrous  gypsum 
forms  numerous  alternating  seams  in  clifis  of  red 
marl :  the  seams  vary  in  thickness  from  one  to 
three  inches,  and  might  be  mistaken  for  strata,  but 
they  are  irregular  and  of  limited  extent.  In  Notting- 
hamshire, the  fibrous  gypsum  on  the  banks  of  the 
Trent  is  often  beautifully  white  and  translucent, 
and  is  accompanied  with  scales  of  chlorite,  exactly 
similar  to  what  I  have  observed  in  the  beds  of 
gypsum  in  the  Valais,  in  Switzerland.  The  white 
fibrous  gypsum  is  employed  by  the  paper-makers  to 
whiten  writing-paper  and  add  to  its  weight 

Massive  gypsum  is  granular :  it  occurs  in  irregular 
beds  and  blocks,  in  the  red  marl,  and  is  evidently  a 
local  formation.  Anhydrous  gypsum  is  occasionally 
met  with  in  Nottinghamshire.  Gypsum  is  associated 
with  rock-salt,  wherever  the  latter  mineral  is  found. 
It  is  now  discovered,  that  the  gypsum  in  the  Alps, 
when  uncovered  in  its  native  beds,  is  always  anhy- 
drous. Common  gypsum  contains  21  per  cent,  of 
water.  Anhydrous  gypsum  is  entirely  free  from 
water,  and  is  much  harder  and  heavier  than  common 
gypsum.  Should  it  prove  a  general  fact,  that  the 
gypsum  associated  with  rock-salt  is  always  originally 
anhydrous,  it  might  tend  to  elucidate  the  formation 
of  both  minerals ;  a  subject  which  will  be  referred  to. 
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Isfler  describing  »ome  of  the  principal  repoRitorics  of 
|j!Ock-salt. 

'  Many  reptwitories  of  rock-salt  are  sittinted  near 
f-0te  feet  of  mountain  ranj»es,  ami  have  probably  been 
[  originally  deposited  in  salt-water  lakes  :  beds  of  rock- 
\m\t  are  now  fotind  at  the  bottom  of  some  of  tlie  salt 
kes  in  Africa.     But  though  many  salt  formations 
;  in  comparatively  low  situations,  there  are  other*  I 
hat  occur  at  great  attitudes,  both  in  the  Alps  and  ' 
•  Cordilleras.     In  England,  the  principal  Ix'ds  of  | 
ick-salt  are  situated  at  a  little  dist.ince   from  the 
ifestern  side  of  the  range  of  hills,  which   separate  ' 
:  rivers  that  flow  into  the  eastern  and  the  western 
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The  rock-salt  of  C'hesliire  cannot  properly  be  said 
lie  in  or  under  the  red  sand  rock  before  described, 
t  is  surrounded  by  it,  and  probably  rests  upon  it; 
as  the  lowest  bed  of  salt  has  not  been   sunk 
rough,  this  cannot  be  yet  ascertained.     The  upper 
'd  of  rock-salt  in  that  county  is  about  forty-two 
'i  below  tlie  surface :  it  is  twenty-six  yards  thick",  ' 
is  separated  from  the  lower  bed  of  salt,  by  » 
tum  of  argillaceous  stone  ten  yards  thick.     The 
'er  salt    lias    been    simk    into   forty  yards.     The 
bed    was    discovered    about    a    hundred    and 
irty  years  since,  in  searching  for  coal.     Rock-salt 
Northwich,  extends  in  a  direction  from  N.  E.  to 
W.  one  mile  and  a  half;  its  further  extent  in  thii 
'rection  has  not  been  ascertained :   its  breadth  is  [ 
'About  fourteen  hundred  yards.     In  another  part  of  i 
"^hcshirc,  three  beds  of  rock-salt  have  been  found. 
lie  uppermost  is  four  feet,  the  second  twelve  fee^  | 
"  the  lower  has  been  sunk  into  twenty-five  yards^  ] 
It  is  not  cut  through.     Besides  the  beds  of  rock-  I 
':,  numerous  brine  springs,  containing  more  than  1 
per  cent,  of  salt,  rise  in  that  county.      The  trans- 
.rent  specimens  of  rock-salt  are  neariy  free  from 
foreign  impurities,  and  contain  scarcely  any  woter  of 
crystallisation. 

In  sea-water  a  large  portion  of  muriate  and  sul-  , 
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phate  of  magnesia  is  found,  which  gives  it  tliat  bit*' 
ter  nauseous  taste,  distinct  from  its  saltiiess.  This 
difference  in  the  composition  of  sea-water  and  of 
rock-salt,  might  seem  to  indicate  that  rock-salt  was 
not,  as  some  suppose,  produced  by  the  evaporation 
of  sea-water ;  but  if  it  were  formed  in  detached 
lakes,  it  is  possible  that  the  waters  of  these  lakes 
did  not  contain  precisely  the  same  salts  in  solution, 
as  those  of  the  sea.  We  know  that  the  waters  of 
some  of  the  salt  lakes  existing  at  present,  differ  in 
their  contents  from  sea-water,  W,  however,  the 
evaporation  were  very  slow,  the  salt  of  the  ocean 
would  separate  from  all  its  impurities  by  crystal- 
lisation ;  these  impurities,  being  more  deUquesceof 
might  be  washed  away. 

It  may  deserve  notice,  that  few,  if  any,  remail 
of  marine  or  other  organised   bodies  are  found  in 
the  beds  accompanying  the  rock-salt   of  Cheshire. 
In  the  Polish  salt  mines,  bivalve  shells  and  the.claws 
of  crabs  are  met  with  in  the  upper  strata  of  marl ; 
and  vegetable  impressions  in  the  bed  covering  the 
lower  salt,  at  the  depth  of  two  hundred  and  twentj": 
five   yards   from    the   surface.     But   some  of  thi 
mines  are  now  beHeved  to  occur  in  tertiary  foi 
ations. 

The  salt-formation  at  Droitwich  In  Worcestershire, 
appears  to  be  surrounded  by  the  same  kind  of  red 
sand  rock,  and  covered  with  similar  beds  of  gypsum 
and  marl,  to  that  of  Cheshire.  Heie  the  rock-salt, 
tliough  its  existence  has  been  proved  by  boring,  is 
no  where  worked.  The  salt  is  procured  by  evapor- 
ating the  water,  which  is  nearly  saturated  with  it. 

Salt  springs  rise  in  some  of  the  coal  strata,  adjacent 
to  the  red  marl  and  sandstone :  in  all  probability 
the  brine  is  infiltered  from  that  formation,  into  the 
basset  edges  of  the  strata  overlying  coal.  There 
are  salt  springs  in  some  of  the  coal  mines  in  Northum- 
berland, Derbyshire,  and  Yorkshire;  and  a  spring 
of  brine  rises  in  the  river  Wear,  in  the  coimty  of 
Durham, 


ROCK-SALT  AND  SALT  SFBINGS.  ^3 

^■Brine  springs,  containing  from  five  to  six  per 
cent,  of  salt,  rise  in  the  coal  mines  near  Asliby-dc-la- 
Zouch  in  Leicestershire,  at  the  depth  of  two  hundred 
and  twenty-five  yards  under  the  surface.  A  weaker 
brine  also  arises  in  the  upper  strata:  it  springs 
through  fissures  in  the  coal,  attended  with  a  hissing 
noise,  occasioned  by  the  emission  of  hydrogen  gas. 

I  examined  these  mines  belonging  to  the  Earl  of 
Moira  in  the  summer  of  1812:  they  are  situated  at 
Ashby  Wolds,  in  the  very  centre  of  England"  ;  and 
what  may  appear  remarkable  in  this  situation,  they 
are  worked  one  hundred  and  forty  yards  below  tlie 
level  of  die  sea,  which  is  ascertained  from  the  levels 
of  the  canal  that  passes  by  the  pits.  Had  this  . 
circumstance  been  known  before  the  attention  of 
geologists  was  directed  to  the  structure  of  the  earth's 
surface,  it  would  have  been  inferred,  that  brine 
springs  so  far  below  the  level  of  the  sea,'  had  their 
source  from  the  waters  of  the  ocean,  percolating 
through  fissures  in  the  earth. 

There  are  many  salt  springs  in  France,  but  no 
mines  of  rock-salt.  The  salt  springs  at  Salins,  in 
the  department  of  the  Jura,  rise  in  the  red  marl 
formation ;  and  the  gypsum  with  which  they  are 
associated  is  exactly  similar  to  the  massive  gypsum 
in  the  English  red  marl.  The  strongest  of  these 
springs  contains  15  per  cent,  of  salt. 

In  Switzerland  the  rock-salt  and  gypsum  do  not 
occur  in  the  red  marl,  but  between  calcareous  beds, 
which  are,  1  believe,  analogous  to  the  English  lias, 
and  will  be  again  mentioned. 

In  Spain  there  are  several  salt  springs  and  beds  of 
rock-salt :  the  principal  formation  of  rock-salt  at 
Cardona  in  Catalonia,  has  been  described  by  Count 
Alexander  Laborde,  in  his  magnificent  work  entitled 
Vo^tt^es  Pittoresques  dans  VEspagne, 

"  The  salt  district  of  Cardona  comprehends  the 

■  Ttatlis  and  hotels  are  now  erected  there  for  the  accommoda- 
tion of  visiters :  they  are  colled  the  Moira  Bathsj  near  Ashby-de- 
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hiil  on  which  the  town  is  situated,,  and  the  environs 
of  more  than  a  league  in  circumference.  The  sur- 
face is  almost  every  where  covered  with  vegetable  soil 
to  tlie  depth  of  six  inches  or  more,  which  renders 
it  productive.  The  place  where  tlie  rock-salt  is 
procured  is  a  valley  forming  an  oval,  about  one  mile 
and  a  half  in  length,  and  half  a  mile  in  breadth  from 
east  to  west,  extending  from  the  Castle  of  Cardona  to 
the  promontory  of  red  salt  at  tlie  other  end.  The 
last  is  the  most  considerable  of  tlie  salt  rocks»  and 
has  not  yet  been  worked:  it  is  six  hundred  and 
sixty-three  feet  in  height,  and  twelve  hundred  and 
twenty  feet  in  breadth  at  its  base.  This  valley  is 
also  traversed  by  a  chain  of  hills  of  rock-salt :  be- 
sides these,  there  are  other  rocks  of  salt  at  the  feet 
off  the  fortress,  and  upon  the  declivity  of  the  HM>untain 
which  stretches  to  the  fountain  called  CancuniUo. 
Tiie  mountain  of  red  salt  is  so  called  because  that 
oolour  predominates ;  but  the  colours  vary  with  the 
altitude  of  the  sun,  and  the  greater  or  less  quantity 
of  rain.  At  the  foot  of  this  mountain  a  spring  of 
water  issues,  which  comes  through  a  fissure  we 
perceive  on  the  summit.  The  rivulet  runs  all  along 
the  valley  from  the  east,  but  passes  under  ground 
in  part  of  its  course,  particularly  under  the  hill 
where  the  rock-salt  is  mined:  it  rises  again  to  the 
surface  at  a  little  distance,  and,  afler  running  along 
the  plain,  discharges  itself  into  the  river  Cardona. 
This  brook  in  rainy  seasons  swells  the  waters  of 
the  river,  which  then  become  salt,  and  destroy  ihe 
fish ;  but  at  three  leagues  lower,  the  water  has  no 
perceptible  taste  of  salt  All  these  salt  mountains 
are  intersected  by  crevices  and  chasms;  and  have 
also  spacious  grottoes,  where  are  found  stalactites 
of  salt,  shaped  like  bunches  of  grapes,  and  of  various 
colours.**  —  '*  Nothing  can  compare  with  the  mag- 
nificence of  the  spectacle  which  the  mountain  of 
Cardona  exhibits  at  sunrise.  Besides  the  beautiful 
forms  which  it  presents,  it  appears  to  rise  above  the 
river  like  a  mountain  of  precious  gems,  displaying  the 
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»riou8  colours  produced  by  the  refraction  of  the 
»)ar  rays  througri  a  prism."  —  Count  Laborde. 

'  Hunc^ary  and  Poland  utibrd  the  most  numerous 

nd  extensive  repositories  of'  rock-salt  in   Kurope. 

lie  salt  mines  of   Wicluzki  near  Cracovia  have  been 

«ic  celebrated  and  rrequcntly  described;  they  are 

©need  at  the  depth  of  7.51)  feet.     The  rock-s:Ut  is 

ivered  by  Blteriiatc  bed*  of  marl  and  conglomerate; 

rtocks  of  salt  occur  also  in  the  marl.      'I'he  beds  rf 

ck-satt  are  inclined  at  an  nn^lc  at"  40  degrees.     It 

%  remarkable,  that  in  thcst;  mines  of  rock-salt,  there 

springs  of  fi'esh  as  well  as  of  salt  water.     At 

Paraid  in  Transylvania,  tliere  is  a  valley  the  bottain 

"nd  sides  of  which  are  pure  rock-salt.     The  mine  of  ' 

'peries  is  about  DSK)  feet  deep.     Water  is  sometimes 

closed  in  the  blocks  of  rock-salt." — Brongniart, 

'  Tliere    is    an    extensive    formation    of"    rock-salt, 

latching  on  each  side  of  the  Carpathian  jVlountoiuB 

Ibr  six  hundred  miles,  from  Wielu>:ka  in  Poland  to- 

^rds  the  north,  to  Rimnie  in  Moldavia  on  the  south. 

lit  has  indeed  been  obscn'ed,  that  rock-saJt  and  brine 

nrings  most  generally  occur  near  the  feet  of  extci>- 

tve  mountain  ranges  which  adds  probability  to  the 

pinion,  tliat  these  ranges  were  once  the  boundaries 

[■  extensive  salt  lakes. 

In  the  lofty  deserts  of  Caramania  in  Asia,  accord- 

j  to  Chardin,  rock-salt  is  so  abundant,  and  the  at- 

Dosphere  so  dry,  that  the  inhabitants  use  it  as  stone,    ' 

for  building  their  houses.     This  mineral  is  also  found   i 

1  the  whole  elevated  table-land  of  Great  Tartary, 
hibet,  and  Indostiin.     Extensive  plains  in    Persia 

2  covered  with  a  saline  efflorescence  ;  and  accord- 
ing to  the  account  of  travellei-s,  the  island  of  Ormus, 
'  I  the  Persian  Gulfi  is  one  large  mass  of  rock-salt. 

'  In  the  elevated  mountains  of  Peru,  rock-salt  ia 
aid  to  occur  at  the  height  of  fKMX)  i'ect  above  the 

level  of  the  sea.  In  North  America  there  are  vari- 
us  salt  springs  called  I.icks,  because  the  herds  of 

pild  cattle  formerly  repaired  to  them,  to  lick  the  soil 
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impregnated  with  salt.  Near  to  these  placea  the  v 
mense  bones  of  the  great  Mastodon  are  frequenyj 
found,  at  a  small  depth  below  the  suriace.  Accor* 
ing  to  the  accpunt  of  Hornemann,  there  is  a  mass  ( 
rock-salt  spread  over  the  mountains  that  bound  til, 
desert  of  Libya  to  the  nortli,  so  vast  that  no  eyt 
can  reach  its  termination  in  one  direction;  and  j 
breadth  he  computed  to  be  several  miles.  Hock-sal 
has  also  been  found  in  New  South  Wales. 

It  would  exceed  the  limits  intended  for  the  pi^ 
sent  volume,  to  enumerate  the  different  places  ' 
■which  this  valuable  mineral  occurs.  I  only  propo( 
to  note  the  more  remarkable  situations,  presentiqi 
phenomena  that  may  tend  to  illustrate  tJie  mode  < 
its  formation.  Among  these  should  not  be  oinilte 
the  salt  lakes  on  the  borders  of  Caffi-aria,  east  of  thilj 
Cape  of  Good  Hope,  which  contain,  at  their  bott« 
thick  beds  of  rock-salt  variously  coloured. 

There  is  a  remarkable  formation  of  salt  at  Poi 
'  near  Burgos,  in  Castille,  placed  in  an  immense  cralM 
of  an  extinct  volcano,  in  which  are  found  pumia 
stone  and  puzzolana.  The  volcanic  mountain  of  C 
logero,  near  Sciacca,  in  Sicily,  contains  In  its  bed 
considerable  intermixture  of  common  salt ;  and  masM 
of  rock-salt  occur  in  other  parts  of  the  island, ,' 
bedded  in  clay,*  In  these,  and  in  some  other  i^ 
stances,  it  Is  probable  that  subterranean  Bre  may  havj 
been  an  active  agent  in  tiie  formation  of  rock-s 
by  evaporating  the  waters  of  salt  lakes,  or  of  coui 
tiies  recently  emerged  fiom  the  ocean.  j" j 

The  rapid  formation  of  rock-salt  in  Syria,  duris 
one  of  those  igneous  eruptions  wliich  have  at  tiniM^J 
overwhelmed  certain  portions  of  the  globe,  is,  pe^l 
haps,  obscurely  alluded  to  by  the  sacred  writer,  whov 
has  narrated  the  early  history  of  the  human  racf 
Gen.  chap,  xix.t      The  salt  takes  existing  in   tl^ 
country  are  well  known. 

•  Travels  in  Sicily,  by  LieuL-Gen.  Cockburn. 
f  Jerome,  who  resided  in  Syria  in  the  iburtli  century,  infor 
UB,  that  the  rocit  of  salt  wn  existing  in  liia  time ;  and  fiaocifii 
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Whether  all  the  repositories  of  roclc-salt  above  enu- 
ited  occur  in  the  red  marl,  cannot  in  the  pre- 
_         state   of  oiir  information  be  accurately  ascer- 
Mined.     The  great  formation  of  rock-ftiilt  and  pyp- 
Slim  near  Bex  in  tS  wither  I  and,  constitutes  two  larfje 
and  extensive  beds.      The  lowest  rests  upon  black 
"meRtone,    argillaceous    limestone,    and    sandstone; 
'  between  the  lower  gypsum  and  the  upper,  tiiure 
_      thick  beds  of  argillaceous  limestone,  and  similar 
ifgillaceous  limestone  forms  caps  over  the  upper  gyp- 
sum.    The  gj-psum  in  the  large  beds  is  anhydrous 
and  contains  particles  of  rock-salt  and  eoninion  gyp- 
im  disseminated  tlirough  it.     The  prevailing  (bssils 
ammonites  and  belemnites.  — {Travels  in  the  To- 
taiae,  p.  41J.) 
The  mineral  characters  of  the  strata  at  Bex,  and 
imbedded  tijssils,  incline  me  rather  to  refer  tiie 
illaceous  limestone,  over  and  tinder  the  gj'psum 
'  salt  beds,  to  the  English  lias,  than  to  niagnesian 
latone.     Many  beds  oi'  the  lias  in  England  con- 
much  muriat  of  soda  and  sulphat  of  magnesia. 
The  saliterous  gy|>snm,  in  the  I'arentaise  is  anhy* 
>us,  and  contains  a  considerable  quantity  of  silex  ; 
iirs  interstratified  with  limestone,  whicii  itears  a 
r  resemblance  to  the  magnesian  limestone  than 
lias.     The   tops  of  some  of  the  mountains  are 
ered  with  beds  of  common  gypsum,  intermixed 
native  sulphur.     In  one  of  the  rocks  associated 
lith  the  g\*psum  formation,  I  discoveretl  a  fossil  Pa- 
ilia.      Though  a  brancli  of  the  Ecofe  des  Mines, 
'111  able  instructors  from  Paris,  had  been  for  some 
.rs  established    at    Moutiers    close   to   the   salt 
mations,  a  very  erroneous  opinion  respecting  the 
isum  of  the  Tarentaise  was   maintained  by  the 
lessors  ;  namely,  that  the  gypsum  merely  formed 
unconformable  covering  over  the  adjacent  moun- 
'  observed  it  in  several  parti  of  the  valley  of 

«  certain  peculiarities  rcspeeting  it,  which  t^qual  in  absurditj 
■  Iflgndi  of  the  darkest  ages  of  pi^ial  ai^jerMiUoa. 
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the  Doron  near  Moutiers,  as  distinctly  interstratifiedl 
in  the  calcareous  mountaius,  as  the  gypsum  of  Mont- 
martre  is  intersti'atified  between  the  tertiary  form- 
ations near  Paris.  In  one  of  the  beds  of  gypsum, 
there  was  a  tliin  stratum  of  carbonaceous  matter, 
which  soiled  the  fingers  like  coal  smut;  this  is  tlie 
only  instance  of  carbonaceous  matter  found  in  gyp- 
I  sum  that  I  am  acquainted  with. 
I  Transparent  colourless  rock-salt  consists  of  mui 

of  soda,  nearly  in  the  highest  state  of  purity  ;  or, 
cording  to  Sir  H.  Davy,  of  chlorine  and  sodium.  It 
has  so  little  water  of  crystallisation,  that  it  scarcely 
decrepitates  when  thrown  on  burning  coats,  in  which 
it  differs  from  salt  prepared  artificially  by  evaporation. 
Specimens  of  rock-salt  brought  from  the  Polish  mines, 
iare  less  desposed  to  deliquesce,  than  those  from  Clie- 
'shire.  The  deep  red  colour,  very  common  to  rocfc- 
salt,  is  derived  from  the  oxide  of  iron.  Rock-salt 
^^^  'frequently  lies  imbedded  in  clay  or  marl,  in  detached 
^^L  masses  ;  the  clay  is  often  mucli  impregnated  with  salt, 
^^H  which  is  extracted  from  it  by  solution  in  water.  The 
^^H  almost  constant  occurrence  of  sulphat  of  lime  (gyp- 
F  sum)  with   rock-salt,  is  also  a  fact  of  considerable 

I  interest.     It  is  curious  to  observe  the  two  most  power- 

^^^  ful  acids,  the  sulphuric  and  muriatic,  so  nearly  asso- 
^^K  'ciated  in  the  same  place.  This  fact,  in  a  mote 
^^H  advanced  state  of  science,  may  elucidate  the  chemi> 
^^H  cal  changes  which  have  effected  the  formation  of  these 
^^H      minerals. 

^^M  The  most  natural  hypotlM-sis  respecting  the  form- 

^^V  ation  of  rock-salt,  at  least  in  some  situations,  is  that 
r  before  stated,  which  attributes  it  to  the  gradual  eva- 

I  poration  of  lakes    and    pools  of  salt  water,  which 

^^^  remained,  when  the  ocean  retired  from  the  present 
^^K  continents.  This  mineral  by  slow  evaporation  would 
^^H  be  separated  from  the  impure  salts  that  exist  in  sea 
^^H  ■■water  J  and  as  these  salts  are  more  deliquescent  than 
^^H  rock-salt,  they  might  be  waslicd  away,  before  the  beds 
^^H  ,  of  rock-salt  were  covered  with  earthy  strata. 
^^H         The  occurrence  of  anhydrous  gypsura  with  rocjk- 
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which  is  also  anhydrous,  would,  howpveri  indl* 

'  the  action  of  heat  in  the  t^orniatiou  of  theat 

Hinerala;  for  it  is  scarcely  postsiblo  to  conceive  anjr 

ide  of  aqueous  deposition,  that  could  form  iinliy* 

■ousgypHum:  but  common  gypsum  might  be  fused 

f  heat,  and  its  water  of  ciystallisation  ex)>elled ;  it 

uld  tlion  be  converted  inlo  anhydrous  gypsum. 

am  the  observations  oi'  M.  Carpentiei'  at  oex,  it 

ppcars  that  the  great  beds  of  gyp&uin  associated 

nth  rock-salt,   arc  always  found  to  be  anhydrous 

i  they  are  laid  open  to  the  atmosjibere,  but  tiiey 

1  absorb  water,  and  are  converted  into  common 

The  saliferoqs  gypsum  in  other  parts  of 

!  Alps,  is  also  anhydrous;  and  if  it  should  appear 

t  the  beds  of  gypsum  associated  with  rock-sidt  in 

her  countries  are  anhydrous,  where  tliey  have  not 

1  exposed  to  the  action  of  moisture,  it  would  add 

probability  to    the    opinion,    tliat  tlie  coitso- 

dation  of  rock-salt  and  gypsum  had  been  edbcted 

jrheat. 

I  Before   concluding  the  account  of  tlie  red  mar! 

nd  sandstone  formation,  it  may  be  proper  to  state, 

;  foreign  geologists  contend  for  tlie  existence  of 

d  sandstone  over  coal,  which  is  laid  conformably 

1  the  coal  strata,  and  is  a  part  of  that  formation.* 

P  auch  a  red  sandstone,  disiinct  from  the  new  red 

ndstone,  exist  any  where  in  England,  it  is  near 
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n  houilter,  prende  souvcnt 
u  nioins  en  maJL'ure  partie 
;iivcUop|>e.  —  DaubuUttm, 


*  Le  Grds,  riiubc  principalc  de  terrai' 
.•wegraade  extension,  ea  abandonnant  a 
.IfthoutUe  avec  I'lirgilt;  Ecliistcuse  qui  I'l 
Traill  dn  G^offiiosie,  torn.  2. 

M.  A.H  Bonnurd,  in  hii  j1p/>tvfu  G^offtmtli^ue  dt«  TVrroMf, 
144.,  dcKribcs  the  red  sandstone  as  the  upper  part  of  tbe  iual 
iTinMion. 

Humboldt,  in  liia  Bmai  Gi'ognostiqiie  tiir  U  Giifnumt  (lei 
Itnchet,  p  190.,  mentions  u  red  snndBtonL'  passing  into  porphyiy, 
as  the  ojipw  part  of  ilie  coal  formulion  in  Germany. 

Messrs  DaubuisKon  and  Donnard  appear  (o  have  mistaken  the 
lowest  part  of  the  red  marl  and  sandstone,  for  a  portion  of  the  re- 
gular  coal  strata.  M.  Humboldt  makes  a  distinction  between  the 
unconformable  red  s.indslone  and  the  porphyritic  red  sandstone^ 
cHe«  M  a  part  of  (be  regular  coal  fortiiatiaa. 
S   2 
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Oldham  and  Rochdale  in  Lancashire.  The  sand- 
stone of  Lancashire  is  coloured  in  Mr.  Greenough's 
Geological  Map  of  England,  as  the  new  red  sand- 
stone, and  in  Mr.  Smith's  Geological  Map,  as  the 
old  red  sandstone ;  but  I  am  inclined  to  believe,  that 
the  true  position  (gisement)  of  this  sandstone  in 
many  parts  of  Lancashire,  is  not  yet  ascertained :  its 
rblations  with  the  coal  strata  are  different  from  those 
of  the  new  red  sandstone  in  other  parts  of  England. 
-i-«  I  propose  to  revert  to  this  subject  in  a  subsequent 
chapter. 

'.  Professor  Sedgwick,  in  a  paper  recently  read  at 
the  Geological  Society  of  London,  but  not  yet  pub- 
lished, has  described  the  red  sandstone  formation  on 
the  north-western  side  of  England,  which  had  not 
%ifore  been  sufficiently  examined.  The  formation 
agtfees  with  that  on  the  eastern  side  of  England  in. its 
leading  features.  First,  there  rest  nnconformaUy 
over  coal  measures  of  Whitehaven. 

.J^*  iV  Coarse  sandstone   of  great  thickness,   or  ihp 
lower  red  sandstone. 

r  1  I   1     •  ' 

I  S.  Magnesian  conglomerate  beds  of  considerable 
thickness.  ,' 

'  J  3.  Magnesian  limestone. 

4*.  tower  red  marl  and  gypsum. 

S.  Red  and  variegated  sandstone. 

J  The  sandstone  No.  2.  and  also  other  beds  of  red 
aandstone,  sometimes  approach  to  a  position  nearly 
conformable  to  that  of  the  coal  measures.  Too  much 
importance  appears  tome  to  be  attached  to  this  circum- 
stance ;  for  whenever  the  coal  strata  take  nearly  an 
horizontal  position^  the  upper  unconformable  strata 
mil  take  tlie  same  position^  and  may  therefore  be 
conformable  in  such  situations^  and  unconformable  in 
others  where  the  subjacent  strata  are  more  inclined* 
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CHAP.  XII. 

ON  THE  LIAS  AND  OOLITIC  SERIES. 

Ifiological  Position  of  Lias  Clay  and  Limestone.  —  Tlicir  Mineral 

•'Characters.  —  AIum-LSlate  in  Lias.  —  Remarkuble  Organic  Re- 

^Ibiaini  and  Characteristic  FatBil«.  —  Extent  of  the  Lian  Formw 

■nrtion  in   England.  —  Intereiting  Junclioim  of  Liaa   nod   Red 

[Marl.  —  Lias  of  France  ami   the  Alps Oolite  or  Roeatune,, 

Vthe  Jura  Limestone  of  Fore i^ ] Geo! opiaU — Mineral  Charac- 
'ters,  and  remarlubic  Organic  Kemains.  —  Lower  Oolite.  — 
ItDxrord  or  Clunch  Clay.  —  Middle  Oolite*.  —  Kimmeridee  ClaVi 
hi — U|:^)eror  Portland  Oalitea.  —  SloneBficId  Slate  with  Oruud 
tBeinains  of  Insects,  Birds,  Flying  Reptiles,  and  small  Land 
^Quadrupeds —  Extent  of  the  Oolite  Formation  in  F.nglund,  and 
Tlla    abrupt    Termination.  —  Sections  of  the   Oolitic    Sorios  of 

n  Vorkshire  and  the  West  of  England,  compared  with  a. 

n  of  the  Secondary  Strata  in  Germany.  | 

Xhe  great  bed  of  dark  grey  argillaceous  limestone, 
divided  into  thin  strata  (and  associated  witli  beds  of 
clay)  called  Lias,  is  U)c  best  characterised  of  all  tlie 
secondary  strata  (except  chalk),  both  by  its  mineral 
characters  and  the  fossil  remains  imbedded  in  it ;  and 
it  presents  the  same  characters  through  a  considerable 
part  of  France  and  Germany. 

The  geologist  who  has  taken  a  comprehensive  view 
of  different  rock  formations,  and  has  compared  the 
resemblance  as  well  as  the  diversity  they  present,  must 
frequently  have  observed  a  tendency  in  nature  to. 
reproduce  similar  strata  in  distant  parts  of  a  series  of 
strata,  and  even  in  different  formations.  In  the. 
chapter  on  the  Coal  Measures,  I  have  given  examples* 
of  the  repeated  recurrence  of  similar  strata  at  dif-: 

■ent  depths,  implying  a  recurrence  of  the  same> 
iditions  under  which  each  had  been  formed. 

In  the  lowest  part  of  the  magnesian  limestone  in 
the  northern  counties,  there  are  thin  strata  of  marly 
limestone,  called  by  Professor  Sedgwick   Marl-slate, 

liich  may  be  regarded  as  the  first  approach  to  a 
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fbrmation,  resembling  lias  in  many  of  its  characters. 
Agiain,  over  the  middle  beds  of  the  sandstone  there 
occurs  a  considerable  thickness  of  strata,  in  many 
i^^^ects  resembling  lias,  called  the  Miischel  kalk  j  it 
may,  perhaps,  when  viewed  on  a  large  scale,  be  con- 
sidered as  a  lower  formation  of  lias,  separated  front 
it;  by  the  variegated  marls  of  the  upper  red  sand* 
stone.  This  bed^  as  before  stated,  has  not  heett 
discovered  in  England.  The  lias,  therefore,  cannot 
be  mistaken  for  any  of  the  lower  strata ;  it  serves  as 
a' key  to  the  geology  of  the  secondary  formations  in 
England ;  and  the  first  enquiry  which  the  student 
should  make,  when  he  is  in  doubt  respecting  the 

?'osition  of  any  of  the  secondary  beds,  should  be, 
)bes  it  occur  above  or  below  the  lias  f 
^  The  name  Lias  was  probably  given  to  this  formation 
B^'the  provincial  pronunciation  of  the  word  layers, 
as  the  strata  of  lias  limestone  are  generally  very 
regular  and  flat,  and  can  easily  be  raised  in  slate 
fwrti  the  quarry.  When  the  lias  beds  are  fully  de- 
veloped with  their  associated  beds  of  clay,  they  form 
a  mass  of  stratified  limestone  and  clay,  several  hun- 
dred feet  in  'thickness,  which  rests  upon  the  red  mar! 
described  in  the  preceding  chapter. 

The  regularly  stratified  lias  limestone  occupies  the 
lower  part  of  the  bed,  and  the  lias  clay  the  upper. 
Th6  lower  beds  of  the  limestone  have  often  a  yel- 
lowish white  colour,  and  are  called  white  lias.  The 
blue  lias  limestone  has  generally  a  dark  smoke-grey 
colour,  a  dull  earthy  texture,  and  an  imperfectly  con- 
choidal  fracture :  the  purest  beds  contain  from  80  to 
90  per  cent,  of  carbonate  of  lime,  combined  with 
bitumen,  alumine,  and  iron.  If  iron  enter  largely 
into  the  composition  of  this  limestone,  it  forms  a 
lime,  when  burned,  which  has  the  property  of  setting 
imder  water. 

The  finer  kinds  of  white  lias  will  receive  a  polish, 
and  may  be  used  for  lithographic  drawings.  Be- 
t#een  the  lower  lias  limestone  and  the  lias  clay,  there 
<^6i[hh',  in  some  situations,  beds  of  sandy  lias,  with 
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Iljkycrs  of  ironstone  in  nodules :  this  part  of  the  lias 

formation  has  been  caWed  marl'Sivite  in  some  of  tiie 

I  midland  counties.  , 

1  ;"  The  lias  ciay  frequently  occurs  in  the  fomi  of  8ofl; 

■dote  or  shale,  which  divides  into  very  thiu  laminse,, 

l^bis  shale  is  oiten  much  impregnated  with  bitumea 

|ld  with  iron   pyrites,    and  will    continue  to  burn. 

Jowly  when  laid   in  heaps  with  faggots,  and  ance> 

gnited  :  during  this  slow  combustion,  the  sulphur  in 

ne  iron  pyrites  is  decomposed,  and  combines  with  theg 

oxygen  of  the  atmosplierc  and  with  a  portion  of  th^ 

alumine  in  the  shale,  and  forms  sulpluit  of  alumina   , 

PT  alum.    The  alum  shale  of  Whitby  in  Yorkahir*^  - 

*B  of  this  kind  j  it  has  rather  a  soapy  feel,  and  & 

light  silky  lustre.    When  the  lias  clay  or  alum  shalif  J 

't\\s  in  large  masses  from  tlie  clitfji  upon  the  sea 

"ore,   and  gets  moistened  by  sea  water,  it  ignite^ 

tontaneously,  and  contiimes  burning  a  con3iderabl<f 

ue*  The  chffa  of  lias  clay  near  Lyme,  in  Dorsetshire, 

KiQok  fire  after  heavy  rains,  and  continued  burning  fo^ 

fpveral  months,  about  the  middle  of  the  last  century  : 

t  the  present  time,  a  hill  near  Weymoutli  is  ignitccl 

jf  a,  similar  cause  ;  it  is  composed  of  bituminous  cU/' 

rith  pyrites,  but  it  is  an  upper  bed  iu  the  oohte  form- 

jtioD  called  Kimmeridge  clay. 

_i  Lias  clay  is  impregnated  with  a  considerable  por-, 

^on  of  muriat    of  soda,  and    sulphat  of  magnesia 

'  ild  soda.     The  mineral  springs  ol"  Cheltenham  and 

Bloucestcr  rise  in  this  clay ;  but  the  mineral  qualitiea 

Jecrease  after  the  springs  have  been  opened  some 

Ftime,  which  proves  (hat  the  saline  matter  is  derivei 

from  parts  of  the  bed  adjacent  to  tlie  springs,  and  is  . 

therefore  soon  exhausted.  ' 

^,  The  beds  of  lias  clay  and  limestone  arc  particularly 

rdiRlingnished  by  the  number  and  variety  of  theorganic 

[  temains  which  they  contain.     Twenty  different  kinds 

•  of  ammonites  have  been  discovered  in  Has,  and  also 

nautilites,  belemiiites,  and  other  speciesof  chambered 

ahoUs.     Univalve  uucliambcred  shells  are  not  nume- 

I  ift.tiiis.fpnn?tion,  but  a  gre^j,  yari^ty  of  bivalv^  j 

8   4  "    ' 
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'shells  occur  in  it.  The  gr^'phite  (Grypkea  inc 
a  deeply  incurved  bivalve  sltell,  abounds  so  much  in 
some  of  the  beds  of  lias,  that  in  France  it  has  re- 
ceived the  name  of  Calcaire  d  grypfdles.*  Penta- 
!cnnite3  also  abound  Ju  the  upper  pai-t  of  the  liaa ; 
'  and  in  conjunction  with  gryphites,  and  the  ammonites 
that  have  a  ridge  between  two  furrows  round  the 
back  of  the  shell,  are  characteristic  of  the  lias  form- 
ation. The  pentacrinite  and  encrinite  were  zoophytes 
with  long  articulated  stems  and  branches:  in  thfe 
encrinite  the  stem  is  round,  in  the  pentacrinite  peoi 
gonal.  The  annexed  cut  represents  part  of 
branches  or  arms  of  the  Briarean  pentacrinite. 


The  most  remarkable  organic  remains  are,  howevfl 
certain  species  of  fish,  and  vertcbratcd  animals  allia 
to  the  order  of  lizards :  the  fossil  fish  are  general 
found  in  the  middle  of  flattened  balls  of  limestone 
in  which  the  form  of  the  body  and  the  scales  is  oft 
fewell  preserved.  The  saurian  or  Uzard-shaped  : 
mals  have  leil  no  trace  of  the  form  of  their  bodie 
except  what  can  be  ascertained  from  the  remaining 
skeletons.     To  the  Rev.  W.  D.  Conybeare  we  are 

'  The  Grypliea  incurva  hns  not,  tliut  I  tnow  of,  been  found  in 
£n|;land  either  above  or  below  the  lias,  nnd  tlierefore  may  nione 
fcVbe  regarded  qe   diaract eristic    of  this  formation.      These   shells 
ir«cry  abundantly,  and  are  {Miivinciidiy  ctdled  AiaJera'  'J3iaiiib«. 
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■Jtndcbted  for  having  detemiined  the  forms  of  two 
ncra  of  tltcsc  animals.  The  ictithvosaurus,  or  6sh- 
izanl,  hail  a  head  rcseinbHng  a  dolphin  more  than  a 
izard,  and  numerous  conical  teeth  ;  the  orbit  of  the 
ye  is  uncommonly  large.  Some  idea  may  be  ibrmed 
'"  the  magnitude  of  these  animals,  when  1  mention 
lat  the  orbit  of  tlie  eye  in  a  head  belonging  to  Mr. 
■  nson  of  Bristol,  which  I  mctisured,  was  ten  inches 
mg  and  seven  broad :  the  orbit  in  another  head, 
ielonging  to  the  same  gentleman,  meauired  nine. 
[-inches  in  breadth.*     'I'iic  vertebra.-  of  the  icblhgr»>  i 


Baiirus  nearly  resemble  those  of  a  nhark,  which  enabled 

it  to  bend  its  tail  with  great  facility,  and  assi&tcd  the 

lotion  of  its  paddles,  in  |iropolling  the  body  with 

velocity  through  ■^v.^ter.     The  skeleton  of  tlie 

ithyosaunirt,  as  arranged  by  Mr.  Coiiybearc,  is  rc- 

esented  in  the  annexed  cut.    Of  the  ichthyosaurus, 

iveral  species  have  been  discovered.     The  plesio- 

rus  resembles  the  former  genus  in  many  important 

pinti  of  its  osteology  ;  but  itR  vcrtebrat  iiave  a  closer 

approximation  to  those  of  the  crocodile;  they  are 

only  slightly  concave :  its  neck  was  longer  than  ita 

["body,  and  was  composed  of  thirty  vertebra*,  which 

'exceeds  the  number  of  the  cervical  vertebr«>  of  the  I 

(See    the   annexed    cut.)      Five   species   6fl 
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plesiosaiiri  have  been  determined ;    some  of  tiieml  I 

[  were  twenty  feet  in  length.     Tlie  bones  of  both  ani-f  I 

I  mals  are  found  very  commonly  in  the  cliffs  of  Has  afri  I 

Lyme  in  Dorsetshire,  and  on  the  southern  bank  of  1 

the  Severn.     The  organic  remains  in  lias  are  chieflyj-il 

but  not  exclusively,  marine.     Bones  of  the  turtle  andf 

crocodile  have  been  discovered  in  Has :  the  fossilised 

remains  of  terrestrial  plants  also  occur  in  it.     Thiaj 

proves  that  dry  land  must  have  existed  in  its  vicinityiJ 

at  the  period  of  its  deposition.  itfl 

The  lias  formation  extends  in  a  waving  line  througt*/) 

England,  from  near  Whitby  in  Yorkshire  to  Lyme  imi 

Dorsetshire ;  at  both  its  extremities  it  is  fully  deve-f/l 

loped,  and  presents  similar  features,  namely,  —  darh 

clifis  of  blackish  clay  or  alum  shale,  with  a  nearly,! 

flat  floor  of  lias  limestone  extending  into  the  3ea,j 

forming  a  natural  pavement,  on  which  the  observer 

may  walk  secure,  treading  at  almost  every  step  oOil 

the  organic  remains  of  the  inhabitants  of  a  fbrmep>| 

world,  disseminated  through  the  rock.   These  animal  f 

remains  are  generally  surrounded  by  stone  barderi 

than  the  other  part  of  the  stratum,  and  project  abovcjl 

I  the  surface.     At  Sandsend,  near  Whitby,  the  alumT  I 

I  shale  has  been  perforated  near  the  sea,  to  the  depthj  I 

[  df  one  hundred  and  thirty  yards,  without  penctratingf.l 

I  into  the  subjacent  rock ;   to  which  if  we  add  thsiW 

f  height  of  the  cliffs  above,  it  will  make  a  total  thick-il 

ness  of  lias  exceeding  two  hundred  and  twenty  yardsBjf 

the  upper  parts  are  more  productive  of  alum  than  th4|l 

lower.'     In  Dorsetshire  the  whole  thickness  of  tbi 

lias  formation  may  be  seen   in   succession:   a  fcwjfl 

miles  west  of  Bridport,   the   uppermost   bed  risenq 

above  the  level  of  the  sea  ;  and  three  miles  west  of/l 


it  u  to  the  collection  of  tlieae  remaina,  in  hia  private  muaeum,  1 
we  are  principally  indebteci  lor  the  dincovenes  which  have  beefljj 
made  respecling  lliem.  .H 

•  Mr.  John_ Phillips,  in  his  recent  suney  of  ihe  Yorkshire  iMa^^^ 
GStiinateR  the  average  thickness  of  the  lias,  comprising  the  lowi  " 
middte,  and  upper  beds,  at  850  feet,  or  383  yards. 


t 


LIAS    OF    FRAIfCE.  ^^SjK 

Lyme  it  terminates,  nnd  the  wliite  Has  (the  lowesa 
part  of  this  Ibrmation)  may  be  observed  at  low  wateM 
reflting  on  red  marl.  ■  ^ 

The  lia»  formation  is  extensively  developed  on  tlul 
eastern  side  of  France.      In  passing  by  Houvray  tdfl 
Dijon,  in  the  year  1H'20,   I  was  exceedingly  stnidlH 
■with  the  complete  resemblance  of  the  geology  of  the* 
country,  with  that  of  Leicestershire  and  Worcester, 
■hire.     Before  arriving  at  Koiivray,  we  pass  over  red 
marl ;    after  leaving  tliat  town,  the  road  traverses  a 
very  low  range  of  decomposing  sicnite  and  granite 
rocks,    exactly  similar  to  those   of  Malvern }    after 
■which  it  passes  for  several  miles  over  well  charactep-.  i 
iBcd  lias,  filled  with  gryphites  and  belemnites  :  niaasi 
of  the    harder   parts,    filled    with    these  fossils 
collected  for  keeping  the  road  in  repair. 

In  England,  lias  limestone  occurs  almost  always  ia)l 
nearly  liorizontal  strata,  and  never  attains  any  greatil 
elevation.     On  the  west  of  Gloucester,  at  Highiiantfl 
Park,  lias  limestone  forms  .1  nearly  flat  pavement^/'l 
resting  on  red  marl,  on  the  summit  of  a  hill  abonttl 
two  hundred  and  filty  feet  above  the  level   of  tMll 
Vale  of  Severn.     From  this  point  to  llie  north-westfl 
there  ts  no  bed  of  lias  known  in  England  or  WaleS't^l 
bat  it  is  found  in  the  north-west  part  of  Ireland,  andbl 
in  some   of  the  Hebrides.     At   Uarrow-on-Soar,  td^l 
I^icestersliire,  lias  rises  considerably  above  the  levelff 
of  (he  river;  it  is  in  the  flattened  balls  that  occur  ia 
the  Barrow  limestone,  that  the  finest  specimens  1 
ibssil  fish  are  found.     The  most  interesting  junctioort 
of  lias  and  red  marl,  that    I  have  observed,  occiire' 
in  the  south  side  of  the  Severn  at  Aust  psssage, 
where  the  red  marl  may  be  seen  for  a  considerable 
distance,  supporting  the  lias,  but  separated  from  it 
by  a  micaceous  bed,   filled  with   broken   bones  oTi 
saurian  animals,  and  other  organic  remains.    Anothetfll 
junction  is  mentioned  Chap.  II.  p.  29.   The  lias  clay,«I 
from  its  comparative  softness,  has  been  more  affected"! 
by  the  action  of  torrents  and  inuniiations  than  tliftfT 
strata  above  or  beneath   it:   hence  it  is  frequently] 
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excavated  into  valleys.  Some  of  > the  mountain  vaK> 
leys  in  the  Alps  are  cut  in  lias  clay.  The  liast 
limestone  of  the  Alps  and  the  Jura,  loses  its  flat  and 
parallel  stratification,  and  is  bent  and  contorted  in 
viirious  directions ;  it  also  frequently  loses  its  earthy 
texture,  and  is  hard  and  semicrystalline,  like  transit, 
tipn  limestone, 

.  The  Rev.  R.  Halifax,  of  Standish,  near  Gloucester^ 
dbligingly  showed  me  part  of  the  lias  and  oolite  beds 
in  the  vicinity  of  Cheltenham,  which  he  had  particm-* 
larj^  studied.  Between  the  upper  lias  clay  and  the^ 
oolite,  there  is  a  thick  bed  of  reddish  earth  with 
ferruginous  nodules  inclosing  portions  of  lias;  this 
earth  may  be  seen  cropping  out  at  the  foot  of  Leek* 
haiopton  Hill^  No  well-marked  natural  division 
exists,  which  can  determine  whether  this  bed  should 
b^  .iidassed  witK  lias,  or  the  oolites.  The  fossils  in 
li^  elay  and  limestone  are  nearly  black,  and  aref 
sometimes  incrusted  with  pyrites. 

j,The  most: valuable  mineral  substances  obtained' 
from  lias,  in  England,  are  water-setting  lime,  and 
aiviQf)  shale* ,  The  property  of  setting  under  water 
niay  be  communicated  to  any  kind  of  lime,  by  an 
adpaixture  with  burned  and  pulverised  ironstone^ 
J^tlany  of  the  bituminous  and  pyiitical  shales  in  the 
coal  strata  would  yield  alum  by  slow  combustion^ 
if  they  could  be  obtained  with  facility.  When  alum 
shale  is  burned,  and  the  soluble  part  is  extracted 
by  water,  it  is  necessary  to  add  potass  before  the 
process  of  evaporation,  as  crystallised  alum  is  a 
triple  salt,  composed  of  sulphat  of  alumine  and 
potass. 

Oolite.  —  The  numerous  beds  of  yellowish  lime- 
stone alternating  with  beds  of  clay,  marl,  sand,  and 
sandstone,  that  compose  the  oolite  formation  in 
England,  are  of  variable  thickness ;  their  aggregate 
average  depth,  from  the  top  of  the  upper  oolite  to 
the  lias,  may  be  estimated  at  1200  feet  These  beds 
may  be  traced  with  little  interruption  along  a  waving 
line  from   the   Cleveland   Hills  in   Yorkshire,  into 
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lorsetshire.      In   Oloiiccstershii-c   they   compose  a 
range  of  hills  on  the  south  side  of  the  Vale  of 
em,  calletl  the  CottcswoUl  Hills;  but  no  strata  of 
formation  are  found  in  any  part  of  England  or 
ales    north-west    of  the    river  Severn.     In    many 
,rts  of  France,  the  oolite  strata,  accompanied  with 
s,  present  all  the  characters  of  the  same  formation 
England ;  hut  in  the  Jura  mountains,  where  tliey 
fully  developed,   the   mineral   charactern  oflen 
r  considerahly ;  anti  it  is  only  from  the  geologi- 
position  and  the  imbedded  tbsfliltH  that  they  can 
identified  with  the  English  scries. 
Oolite  or   Roestone    receives  its  name   from   the 
small  gloljnle<i  like  the  roe  of  a  fish,  that  are  im- 
bedded in  many  oi'  the  strata :    in  some  instances 
these  globules  attain   the    size  of  a  pea,   and    this 
variety  has  obtained   the  name  of  Pixijhfm  oolile. 
In  England,  nearly  all  the  beds  of  limestone  that  are 
oolitic,  in  this  formation,  have  a  yellowish  brown  or 
hrey  colour,  by  which  they  may  at  tirat  sight  tie 
Biingirished   from   lias.     The   limestone   in  which' 
the  globules  are  imbedded  has  generally  an  cartl^ 
texture,  and  is  dull  and  incapable  of  receiving  a' 
polish:   some  varieties    of  oolite    have    been    much' 
U8ed  for  architecture.     Somerset  House,  and  roany- 
of  the  public  buildings  in  London,  are  constructed' 
of  this  stone  J    but  it  is  not  durable.     Tlte  occur!'  I 
rence    of  small    oviform    globules    in    limestone   i*<  j 
not  exclusively  confined    to    the   oolite    formatioua'  J 
in  tlie  maguesian  limestone,  and  even  in  transitJom  I 
limestone,  a  tendency  to  an  oolitic  structure  may'  I 
sometimes  be    observed.     It  is  not  yet  ascertaincil  ] 
whether  these  globules  are  the  result  of  a  tendency 
to  crystalline  arrangement,  or  whether  they  are  of" 
animal  origin.  '' 

The  oi^anic  remains  that  occur  in  tlie  different' 
beds  of  oolite  are  so  numerous  and  various,  that  it 
would  require  an  ample  volume  to  describe  them 
fully.  It  will,  however,  be  necessary  to  notice  those 
fossil  genera  that  differ  remarkably  from  the  genera 
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whose  remains  are  found  in  the  lower  strata^  and 
indicate  a  considerable  change  in  the  condition  6£ 
the  globe,  or  at  least  in  those  parts  of  it  where  the 
strata  were  deposited. 

It  has  been  dready  observed,  that  the  shells  in  the 
lower  strata  were  chiefly  diflTerent  species  of  internal 
lehambered  shells,  such  as  nautihtes,  ammonites,  and 
belemnites,  and  that  univalve  unchambered  shells 
were  rarely  found  among  them.  By  far  the  greater 
number  of  genera  that  have  left  their  remains^  itfi 
these  strata  belong  to  the  acephalous  Mollusca,  or 
such  as  had  neither  heads  nor  eyes,  and  inhabitcid 
bivalve  shells.  Even  in  the  lias,  only  about  five 
l^nera  of  spiral  univalve  unchamberea  sheHs  have 
lieen  well  ascertained,  and  the  number  of  speciea  or 
«if  individual  shells  is  small.  In  the  oolite,  the 
ij^enera  and  species  of  univalve  unchambered  shells 
are  more  numerous,  and  the  individual  sliells  6f 
'tseveral  species  abound  in  some  of  the  strata.  Now, 
1^1  these  animals  had  heads  and  eyes,  and  moved  on 
iheir  bellies  like  the  land-snail,  we  may  infer  thkt 
they  did  not  live  in  deep  seas,  where  the  sense  <^f 
hdsion  could  not  be  available ;  they  lived  and  moved 
in  comparatively  shallow  water  near  the  shore.  ' 
'  The  vertebrated  animals,  whose  remains  are  found 
in  oolite,  are  fishes  and  reptiles  of  the  same  genera  as 
those  discovered  in  lias;  some  undoubtedly  belong 
to  the  crocodile  genus,  and  had  feet,  like  the  living 
species  of  crocodiles ;  hence  we  may  infer,  that  there 
were  dry  land  and  rivers  in  the  vicinity. 

It  may  well  excite  surprise,  that  calcareous  strata 
should  so  rarely  be  found,  which  present  distinct 
indications  of  having  been  formed  exclusively  by 
coralline  polypi ;  particularly  as  coral  rocks  and  reefs, 
of  great  extent,  are  so  rapialy  forming  in  our  present 
seas.  There  are,  however,  among  the  strata  of 
oolite,  some  which  are  almost  entirely  composed  of 
madreporites,  and  have  received  the  name  of  coral 
ragg.  There  are  other  strata  which  abound  in  the 
remains  of  fossil  sponger  and  alcyonia,  and  with 
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icongeries  of  minute  milleporcs  and  madroporcs. 
♦More  than  twenty  species  of  trocliitbrm  or  top. 
shaped  spinU  shells,  and  several  species  of  echinites, 
are  found  in  the  oolite  strata ;  but  in  the  lias  below, 
«s  be(bre  stated,  only  a  few  genera  and  species  occur, 
Kcd  the  individual  shelU  are  scarce.  The  gryphea 
inairva,  so  common  in  tlie  lias,  is  rarely  if  ever  tbund 
in  the  oolite  strata ;  but  another  species,  with  a  broad 
expanded  shell,  called  tlie  gryphea  diUuata,  is  a 
Ibssit  frequently  found  in  ditlercnt  beds  of  the  oolite 
formation.  The  shells  and  bones  in  the  oolite  Umc- 
Stone,  have  the  yellowish  ochrcy  colour  of  the  xtone 
in  which  they  are  imbedded ;  wliich  may  serve  at 
«nce  to  di^jtinguish  them  from  the  lias  fossils,  that 
invariably  partake  of  the  colour  of  the  beds  in  which 
they  occur.  English  geologists  make  tliree  divisions 
of.  the  oolite  formation,  —  \.\\c  upper,  the  midiUe,  and 
ifae/ou:er  .•  they  are  separated  by  thick  beds  of  clay, 
and  some  variety  may  be  observed  in  the  fossils  of 
each  division,  but  the  general  charactei'S  era  nearly 
tlie  snme.  In  an  elementary  treatise,  a  too  minute 
description  would  only  perplex  the  student,  parti> 
cularly  as  some  of  the  beds  appear  to  be  of  limited 
extent. 

The  lower  division  of  oolite  comprises ;  Ist,  an 
imperfect  dark  brown  limestone,  much  intermixed 
■with-  Sand  and  the  oxide  of  iron ;  2dly,  beds  of 
sterUe  clay  and  tiiUer's-earth ;  and,  Sdly,  the  great 
oolite,  sometimes  called  Uie  Bath  oolite,  which  is 
of  considerable  thickness,  and  yields  freestone  ibr 
architecture  :  it  is  composed  of  minute  plobules  and 
broken  shells,  united  by  a  yellowish  earthy  calcareous 
cement.  With  the  lower  division  of  oolites  may  also 
be  classed,  -Ithly,  the  forest  marble  and  Stonesfield 
slate  i  the  latter  is  a  sandy  calcareous  stone,  dividing 
into  tiiin  strata,  accompanied  with  shale  and  carbon- 
Bceous  matter.  The  beds  of  forest  marble  are  not 
timnerous,  and  are  chiefly  composed  of  large  frag- 
ments of  shells ;  small  entire  turbinated  shells  abound 
_jA  aome  of  the  strata.    It  deserves  attention,  that  tho 
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univalve  shells  are  most  frequent  in  the  thin  beds, 
and  the  bivalves  in  the  thicker  beds,  of  this  stone  j 
5thly,  cornbrash.  This  is  the  upper  part  of  the 
lower  division  of  oolites ;  it  does  not  compose  beds 
of  any  considerable  thickness,  nor  does  it  frequently 
occur  in  regular  strata  of  any  great  extent,  but 
generally  in  detached  masses,  cemented  by  clay :  the 
external  part  of  the  stone  is  brown,  but  the  inner 

Eart  has  often  a  grey  or  bluish  colour.  The  corn- 
rash  is  so  thin  a  bed,  as  scarcely  to  be  entitled  to  a 
place  in  the  division,  but  it  is  remarkable  for  the 
abundance  of  its  fossils.  The  above  arrangement  of 
the  lower  oolites  was  formed  from  their  occurrence 
in  Somersetshire  and  the  vicinity,  where  they  were 
first  studied,    but  it  by  no   means   represents   the 

feneral  succession  of  the  beds  in  other  countries, 
n  the  eastern  moorlands  of  Yorkshire,  the  oolitic 
series  are  well  displayed  on  the  coast,  and  have 
recently  been  described  by  Mr.  J.  Phillips.  Two  vast 
depositions  of  sandstone,  shale,  and  coal,  occur  below 
the  cornbrash  in  the  following  order,  ascending  from 
the  lias :  — 

1  •  Ferruginous  beds  above  lias,  thickness    60  feet. 
2.  Lower  sandstone,  shale,  and  coal  500 

S.  Impure  limestone,  supposed  to  repre- 
sent the  Bath  oolite  60 

4.  Upper  sandstone,  shale,  and  coal  200 

5.  Cornbrash  5 


825  feet 


This  imperfect  coal  formation  appears  to  be  en- 
tirely wanting  in  England  south  of  the  Humben 
In  Savoy,  I  examined  a  coal  formation  which  is 
placed  between  two  beds  of  limestone  and  over  lias : 
this  I  believe  to  be  analogous  in  position,  to  that  in 
the  eastern  moorlands  of  Yorkshire.  • 


*  Travels  in  the  Tarentatse. 
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Between  the  lower  and  the  middle  oolites  occurs  a 
bed  of  dark  blue  clay  called  Oxford  or  clunch  clay; 
the  thickness  has  been  estimated  at  two  hundrcii 
feet.  Some  of  the  beds  are  bituminous,  and  bear  a 
near  resemblance  to  lias  clay ;  they  abound  in  Sep- 
taria :  other  beds  are  much  intermixed  with  calcare- 
oils  earth.  In  the  lower  part  oi'  the  Oxford  clay, 
irre;2;ular  beds  of  limestone  occur,  which  liave  re- 
ceived the  name  of  Kelloway  rock,  from  being  found 
near  Kelloway  bridge,  in  Wiltshire.  The  bones  of 
one  species  of  icthyosaurus,  different  from  those  in 
the  lias,  have  been  found  in  the  Oxtbrd  clay. 

The  MIDDLE  DIVISION  of  ooUte  consists,  1st,  Of 
beds  of  siliceous  and  calcareous  sandstone.  2d,  Co- 
ralline limestone  beds,  containinjr  numerous  madre- 
pores, in  some  parts  called  coral  ragg,  3d,  Oolite, 
sometimes  called  Oxford  oolite,  wliich  agrees  in 
many  of  its  characters  witii  the  Bath  oolite,  in  the 
lower  division.  The  beds  of  the  middle  oolite  pass 
into  each  other,  and  may  be  regarded  as  one  formation. 
They  vary  much  in  their  thickness  and  succession 
in  diflerent  districts.  The  average  thickness  of  tlie 
whole,  has  been  estimated  at  two  hundred  feet 

Between  the  Middle  and  the  Upper  division  of 
ooHtes,  there  occurs,  in  the  western  counties  of  Eng- 
land and  on  the  coast  of  France,  near  Boulogne, 
another  thick  bed  of  clay,  which  has  received  the 
name  of  Kimmeridge  clay.'  It  is  a  greyish  clay 
passing  into  the  state  oi'  shale,  and  is  sometimes  so 
bituminous  as  to  be  used  far  fuel :  its  tliickncss  in 
some  parts  is  more  than  one  hundred  feet.  Bones  of 
saurian  or  lizard-shaped  animals  have  been  tbund  in 
this  clay. 

The  upPKit  DIVISION  qf  oolite  comprises  the  beds 
of  Portland  stone,  which  have  been  well  described 
as  a  calcareo -siliceous  freestone,  with  beds  and  no- 
dules of  flint.     In  the  Isle  of  Portland,   where  the 
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Frnin  Kimmi^rittge  in  Dorget shire,  where  the  bituminous  sholo 
calkd  Kimmeridge  coal. 
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middle  bed  of  the  Portland  stone  is  quarried  for 
architectural  purposes,  it  is  covered  by  a  cream- 
coloured  stone  called  cap,  whicli  is  only  burned  for 
lime :  under  this,  there  are  two  beds  of  workable 
stone,  each  five  feet  thick,  separated  by  grey  flint, 
and  a  third  bed  of  the  oest  stone  beiow.  The  total 
thickness  of  the  three  beds  of  building-stone  varies 
from  17  to  Si  feet.  The  Portland  series,  which  ibrni 
the  upper  termination  of  the  English  oolites,  are 
neither  of  great  extent  (being  confined  to  the  coiinl^' 
of  Dorsetshire),  nor  are  they  of  considerable  thick- 
ness. They  are  succeeded  by  beds  of  bmestone, 
called  the  Purbeck  beds,  which,  however,  properly 
belong  to  the  Wealden  formation  described  in  tlie 
next  chapter.  Between  the  Portland  and  Purbeck 
limestone,  there  Is  a  bed  of  dark  earth,  called  the 
dirt-bed,  in  which  roots  and  stumps  of  trees  occur, 
sometimes  erect,  proving  that  this  bed  was  once  dry 
land,  and  the  soil  on  which  the  plants  grew. 

It  would  not  be  compatible  with  the  plan  of  the 
present  work,  to  enter  into  a  detiiiled  description  of 
the  numerous  beds  in  this  great  formation  :  they  pre- 
sent general  teatures  of  resemblance,  both  in  their 
characters  and  fossils.  There  is  one  bed,  however, 
which  is  so  remarkable  for  its  extraordinary  organic 
remains,  that  it  merits  the  pai'ticular  attention  of 
the  geologist.  This  is  the  Stonestield  slate  in  Ox- 
fordshu'e,  before  mentioned:  it  is  now  regarded  as  an 
undoubted  member  of  the  oolite  series,  comprised 
in  the  forest  marble  of  the  lower  division. 

The  Stonesfield  slate  consists  of  two  beds  of  yel- 
lowish or  greyish  oolitic  limestone,  each  about  two 
feet  thick,  and  separated  by  a  bed  of  loose  calcare- 
ous sandstone  about  the  same  thickness.  The  Stones- 
field  slate,  on  exposure  to  frost,  divides  into  lliin 
plates,  which  are  used  for  roofing.  The  stone  is  ob. 
tained  by  working  horizontal  galleries  in  the  hill, 
which  galleries  communicate  with  deep  perpendicular 
shafts.  It  is  to  be  regretted  that  no  account  has 
been  yet  publiahetl  of  the  different  strata  of  stone 
"ik  through  by  these  shafts,  as  we  might  hence  derii 
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fcisive  evidence,  resijecting  the  true  geological  posi- 
m  of  the  Stoncsfield  slate. 
I  The  fossil  remains  in  the  Stonesfield  slate  consist 
^  the  impressions  of  the  outer  cases  or  elytra  of 
winged  insectii,  and  the  bones  of  small  animals  of  the 
opossum  or  didelphis  genus,  and  also  the  bones  of 
the  megalosaunis  or  j];if^antic  lizard,  supposed  to  he 
analogous  to  the  Monitor.  From  the  size  of  these 
bones,  it  is  estimatid  tliat  the  animal  to  which  tliev 
belonged  was  forty  teet  in  length  and  twelve  feet 
high.  Legs  and  tiiigh  bones  of  birds  are  also  found 
in  the  StonesHeld  slate,  with  the  teeth,  palates,  and 
vertebiu'  of  fishes,  and  two  or  three  varieties  of  crabs 
and  lobsters.  Several  varieties  of  marine  shells  ond 
of  plants  occur  in  the  same  beds.  The  most  remark- 
able circumstance  attending  these  fcjssil  remains  i*. 
that  they  should  occur  in  strata  which  are  generally 
believed  to  liave  been  deposited,  before  the  creation 
of  terrestrial  mammalia.  It',  however,  there  were 
islands,  inhabited  by  the  higher  class  of  animals, 
when  the  oolite  beds  wore  Ibrming,  their  bones  may 
have  been  carried  down  by  rivers  into  the  sea,  and 
deposited  with  those  of  marine  anitnals.  But  though 
this  hypothesis  might  satisfactorily  explain  the  occur- 
rence of  these  remains  in  the  Stoncsfield  slate,  it 
would  still  be  not  less  extraordinary,  that  similar  re- 
mains should  have  been  nowhere  found  in  any  of 
the  upper  secondary  strata  in  England,  nor  in  other 
countries;  and  that  they  are  never  met  with,  except 
in  strata  considemlily  above  the  chalk  formation. 
The  occurrence  of  wood,  and  beds  of  lignite  (or 
wood  coal)  in  oolite,  confirms  the  opinion  that  dry 
land  existed  somewhere  in  the  vicinity,  at  the  period 
when  the  oolitic  beds  were  formed  or  deposited;  but 
no  indication  that  the  land  was  inhabited  by  terres- 
trial quadrupeds  of  the  class  mammalia,  has  been 
hitherto  discovered,  except  in  the  slate  of  Stoncs- 
field. In  Sussex  the  strata  above  the  oolite  contain 
,  the  bones  of  the  megalosaunis  and  crocodile,  and 
■Jhcae  of  turtles,  birds,  and  tish^  similar  to  the  fossils 
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of  Stonesfield ;  but  the  bones  of  mammiferous  quad- 
rupeds are  wanting,  and  many  of  the  shells  are  fluvi- 
atile.  Where  was  the  island  on  which  the  animals 
lived  and  Jlourishedf  that  have  left  their  bones  in  the 
strata  qf  Stonesfield  ?  This  question  will  be  consi- 
dered in  the  brief  chapter  1  propose  to  give  of  the 
Geology  of  England. 

The  oolite  formation  extends  from  the  sea  coast  of 
Dorsetshire  near  Bridport,  to  the  northern  extremity 
of  the  Cleveland  Hills  in  Yorkshire,  in  one  waving 
range  of  hills,  broken  only  by  the  valeoftheHumber. 
The  outcrop  of  ^the  oolite  beds  forms  the  south* 
western  escarpments  of  this  range  ;  and  it  is  truly 
remarkable,  that  not  a  vestige  of  this  formation  is 
jfound  beyond  this  range,  in  any  of  the  midland  and 
north-western  counties  of  England.  But  some  traces 
of  the  oolite  series  have  been  discovered  by  Professor 
Sedgwick,  on  the  north-eastern  coast  of  Scotland, 
and  in  the  Isles  of  Sky  and  Mull  in  the  western 
Hebrides. 

It  may  be  useful  to  present  the  reader  with  the 
orddr  of  succession  and  thickness  of  the  beds  of 
oolite  and  lias,  as  they  occur  in  two  distant  parts  of 
England,  the  Bath  district,  Somersetshire,  by  Mr. 
Lonsdale,  and  the  eastern  moorlands  of  Yorkshire,  by 
Mr.  J.  Phillips.  They  are  given  in  a  descending  series. 


us 
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Bath  District. 

Kimmeridge  clay 
Upper  calcareous  grit 
Coral  ragg 
Clay 

Calcareous  grit 
Oxford  clay 
Kelloway  rock 
Com  brash 
Forest  marble :  — 

Clay 

Sand  and  grit 

Clay  .  -    t 

Coarse  oolite 

Sandy  clay  and  grit 

Bradford  day 


Feet. 

Eastern  Moorlands. 

Feet. 

150 

Calcareous  grit 
Coralline  oolite 

60 

10 

60 

40 

Calcareous  grit 

80 

40 

Oxford  clay 

150 

50 

Kelloway  rock 

40 

SOO 

Com  brash 

5 

5 

Upper  sandstone,  shale,    1 
and  coal        -             -J 

200 

16 

Impure  limestone 

30 

15 

Lower  sandstone,  shale,! 

500 

40 

and  coal         -              -  J 

10 

Fermgineous    beds    and  1 

60 

25 

lower  oolite        -        -  J 

10 

Upper  lias 

200 

50 

Marlstone 

150 

B«th  Difliriet. 

Feet. 

Great  oolite 

. 

140 

Fuller's  earth 

. 

150 

Inferior  oolite  with  sand 
and  grit 

!} 

ISO 

MarUtone 

10 

Upper  lias  marl     - 

• 

200 

Blue  lias 

. 

50 

White  lias 

. 

10 
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Eastern  Moorlands.  FcffC. 

Lower  lias  resting  on  red  1    --^ 
marl  and  sandstone      J    ^^ 


Lower  lias  marl,  resting  on  1    ^^y. 
red  marl  and  sandstone  J 


In  the  above  sections  it  will  be  seen,  that  though 
tiiere  is  a  great  general  resemblance  between  the 
principal  members  in  each  series,  there  is  a  consider- 
able difierence  in  the  number  and  succession  of  the 
minor  beds ;  there  is  also  some  diversity  in  the  fossils 
in  each  series.  By  a  comparison  of  both  sections,  it 
will  appear,  that  the  attempt  to  establish  an  identity 
of  beds,  or  even  of  what  are  called  equivalents  in  the 
minor  strata  of  a  great  formation  in  different  districts, 
is  a  useless  labour,  and  serves  only  to  perplex  the 
student,  without  leading  to  any  useful  conclusions. 
Noi*  do  I  think  the  long  lists  of  marine  shells,  in  a 
formation  decidedly  marine,  can  be  of  any  great  use, 
unless  such  shells  discover  some  new  forms  of  organic 
life  distinct  from  what  has  been  before  observed,  or 
enable  us  to  infer  some  change  in  the  condition  of 
the  globe,  when  the  inhabitants  of  such  shells  first 
appeared.  The  section  of  Mr.  J.  Phillips  being  a 
coast  section  has  the  disadvantage  of  not  being  made 
in  the  true  line  of  dip,  and  that  of  Mr.  Lonsdale  was 
unavoidably  taken  in  different  situations  where  the 
upper  and  under  strata  were  not  always  displayed; 
hence  such  sections  can  only  be  regarded  as  valuable 
approximations  to  truth  in  each  district.  In  York- 
shire the  Kimmeridge  clay  is  wanting,  and  the  oolites 
are  covered  by  the  chalk  formation,  in  the  lower  part 
of  which,  called  the  Speeton  clay,  some  fossils  of  the 
Kimmeridge  clay  were  discovered. 

The  imperfect  coal  formations  in  the  Yorkshire 
oolites   contain   impressions    and  remains  of   fossil 
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plants  of  the  same  families  as  those  in  the  regular 
coal  formation,  but  which  are  stated  by  M.  Adolphe 
Brongniart  to  belong  to  different  species. 

The  attempt  has  been  frequently  made,  to  identify 
the  secondary  strata  of  Germany  with  those  of 
England.  The  following  abridged  view  of  the  se- 
condary strata  in  the  north-east  part  of  Bavaria,  in 
Bohemia,  and  in  Westphalia,  by  R.  J.Murchison,  Esq. 
taken  partly  from  his  own  observations,  and  partly 
from  what  he  believes  to  be  the  best  authorities, 
appears  to  be  the  most  satisfactory  and  intelligible 
approximation  to  the  English  series  of  secondary 
formations  that  has  yet  been  made :  it  confirms  the 
previous  statement  given  by  Professor  Sedgwick  and 
Mr.  Murchison.  The  order  of  succession  in  a  de- 
scending series  is  here  given. 


Chalk. 
Green-sand. 
Portland  oolite. 


Solenhoffen  slate, 

or  supposed 
Stonesfield  slate. 


Middle  oolite. 
Jura  kalk. 


Inferior  oolite. 


Lias. 


Keuper. 

Upper  red  and  yel- 
\ow  marl. 


In  Hanover,  clearly  separated  from  green- 
sand. 

Divisable  into  upper  calcareous  and  lower 
siliceous  sandstone. 

Oolite  and  coral  ragg,  not  yet  discovered  in 
.central  Germany. 

Between  Kehlheim  on  the  S.E.,  and  Pappen- 
heim  on  the  N.  W.;  the  quarry  at  Solenhoffen 
is  worked  for  lithographic  stone.  The  fossil 
contents  are  pterodactyli,  insects,  crustaceous 
animals,  and  tellenites,  with  certain  plants : 
these  fossils  are  similar  to  those  found  in 
Stonesfield  slate,  and  occur  in  a  similar  geo- 
^  logical  position. 

{The  beds  of  this  formation  differ  much  in 
their  mineral  characters  in  different  parts  of 
Germany,  but  contain  many  of  the  fossils  in 
the  English  middle  oolites. 

The  inferior  oolite  of  Wurtemberg,  Bavaria, 
Hanover,  and  Westphalia,  analogous  to  that 
found  on  the  Yorkshire  coast ;  it  rests  upon 
lias. 

Lias  marl  and  gryphite  limestone  occur  in 
the  countries  named  in  the  preceding  section. 
A  formation  of  purple,  red,  and  green  sand- 
stone, and  marl  of  enormous  thickness,  re- 
posing on  muschel  kalk,  and  surmounted  by 
lias.  Mr.  Murchison  believes  that  the  Keu- 
per is  the  true  representative  of  the  English 
red  and  green  marls. 
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Muschel  kalk,  f    ^?'*  than  6oo  feet  in  thickness,  contaioi 

^^~Y^  J  remains  of  the  icthyosaurus  and  plesiosauriUy 

E*  1m^  1  ^^®  crocodile,  and  turtle :    die  «dt  mines  of 

^^  [_  Wurtemberg  are  in  this  formation. 

Bunter  sandston^  "T     Analogous  to  the  English  lower  red  sand- 
to'    ^^      san  -  j  stone  wiUimagnesian  limestone. 

Both-todteliegende.*|     The    lowest  red  sandstone  of  Professor 

Lowest   red    sand- I  Sedgwick,  like  the  English    sandstone:   it 

stone.  J  rests  on  transition  limestone  or  coal  measures. 

It  is  deserving  notice,  that  many  of  the  beds  in 
the  above  section  not  only  contain  the  same  fossils  as 
those  in  the  English  series,  but  also  preserve  the 
same  mineral  characters.  Where  this  is  the  case,  we 
can  arrive  at  satisfactory  conclusions ;  and  such  beds 
serve  as  a  key  to  the  discovery  of  the  true  nature  of 
the  beds  above  and  below  them,  where  the  characters 
may  be  less  clearly  defined. 
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CHAP.  XIIL 

ON  THE  SUSSEX  BEDS  OR  WEALDEN,  CONTAINING 
REMAINS  OF  LAND  PLANTS,  AND  AMPHIBIOUS 
AND  FRESH^WATER  ANIMALS. 

Estent  of  the  Sussex  Beds. —^  Their  Geological  PositioQ  nd 
Mineral  Characters. — Remarkable  Organic  Remains  of  enormous 
Lizards  and  Plants,  analogous  to  those  of  Tropical  Gimates 
iaand  in  the  Sussex  Beds.  —  Supposed  Appearance  of  the 
Country  when  these  Animids  flourished.  —  Petworth  Lime- 
stone.  —  Hastings'  Sand  and  Weald  Clay.  —  The  WeaUen  Beds 
formerly  furnished  the  greatest  Part  of  the  Iron  manu&ctured  in 
England.  —  Mr.  ManteU's  Enumeration  of  the  Species  of  Ter- 
rei^trial  and  Fresh  Water  Fossil  Remains  in  the  Wealden  Beds. 
«^  Observations  on  the  Wealden  Beds,  and  the  Change  from 
Marine  to  Fresh  Water  Formations. 

In  an  elementary  treatise  on  Geology,  it  is  desirable 
to  present  to  the  view  of  the  reader,  not  the  geology 
of  a  single  country,  but  that  of  the  whole  globe,  as 
far  as  it  has  been  ascertained.  In  certain  countries, 
particular  formations  occupy  a  considemble  extent, 
and  are  of  great  thickness ;  in  other  countries,  simi- 
lar formations  are  often  wanting  altogether,  or  the 
beds  are  so  thin  as  scarcely  to  excite  notice.  The 
secondary  strata  cover  more  tlian  one  half  of  Eng- 
land, and  hence  the  English  geologist  might  be  sus- 
pected of  bestowing  upon  them  too  great  a  portion 
of  his  attention ;  but  a  more  accurate  examination 
of  other  countries  has  fully  proved,  that  many  of 
the  British  strata,  which  were  formerly  believed  to  be 
of  very  limited  extent,  are  spread  over  a  great  part 
of  Europe,  and  preserve  the  same  order  of  succession 
as  in  our  own  island: — a  description  of  these  strata 
is  therefore  an  essential  part  of  general  geology. 
The  formations  of  the  magnesian  limestone,  the  red 
marie,  the  lias,  the  oolites,  and  the  chalk,  have  risen 
into  geological  importance  within  the  last  fifteen 
years  j  and  the  reproach  cast  upon  South  Britain  by 
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our  neighbours  on  the  other  side  of  the  Tweed, 
namely,  "  that  tliere  was  little  or  notliiiig  in  Eng-  , 
land  worth  the  attention  of  a  geologist,"  has  lost  all 
its  force.  The  beds  of  sand  and  clay,  that  intervene 
between  the  upper  oolites  and  the  chalk,  were,  how- 
ever, still  more  recently  regarded  as  unworthy  of 
^.particular  notice ;  but  the  labours  of  Mr.  Mantell  and 
F  Dr.  Fitton  have  made  us  acquainted  with  facts 
ispecting  these  earthy  and  sandy  deposits,  which  are 
arcely  exceeded  in  interest,  by  any  discoveries  in 
the  lower  strata. 

The  beds  which  are  about  to  be  described  as  the 
JlWealden,  because  they  occur  principally  in  the  Wealds 
Kent  and  Susses,  are  supposed  to  rest  on  the  up- 
beds  of  oolite  in  tliese  counties  :  they  dip  under 
clialk  hills  by  which  they  are  every  where  sur- 
tunded,  except  on  the  east,  where  they  are  cut  off 
'  the  sea.  '1  he  oolite  below,  and  the  beds  of  chalk 
id  green  sand  above,  are  admitted  to  be  marine 
v&rmations,  but  the  beds  of  limestone,  conglomerate, 
-sandstone,  and  clay,  that  compose  the  Sussex  beds, 
.or  Wealden,  contain  almost  exclusively  the  remains 
,iof  fresh-water  animals  and  terrestrial  plants,  and  tliat 
iover  a  surface  exposed  to  observation  neariy  sixty 
miles  in  lengtli,  and  from  titteeii  to  twenty  miles  in 
"ifeadth.     The  marine  beds  on  which  tlie  Wealden 

ist,  must,  at  a  remote  period,  have  been   raised  a 

.-iconsiderable  height  above  tlie  ocean,  and  become  dry 
land,  having  extensive  rivers,  lakes,  or  estuaries  filled 
witli  fresh  water,  in  which  the  Wealden  beds  were 
deposited.  Again,  at  a  subsequent  period,  the  whole 
must  have  sunk  deep  beneath  the  surface  of  the  sea, 
and  been  covered  by  a  deposition  of  chalk  and  other 
marine  strata,  a  thousand  feet  or  more  in  thickness. 
At  a  more  recent  epoch,  the  chalk,  with  the  sub- 
jacent beds  of  Wealden,  were  raised  to  their  present 
elevation  above  the  neighbouring  sea.  However  the 
present  quiescent  state  of  the  earth  may  seem  op- 
posed to  the  admission  of  such  great  geological 
.changes,  we  are  irresistibly  comj)elled  to  resort  to 
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these  changes  for  a  satisfactory  solutioD  of  existillg' 
phenomena. 

The  relative  position  of  the  Wealden  beds  will  be 
understood  from  the  annexed  map. 


Sngl'th 

The  chalk  hills  of  the  North  and  South  Downs 
will  be  seen  surrounding  the  Weald  country.  Below 
the  chaik  is  the  green  sand,  marked  with  waving 
lines,  containing,  like  the  chalk,  marine  fossils  exclu- 
sively. The  fresh-water  formations  of  Weald  clay 
and  Hastings*  sand  and  sandstone  rise  from  under 
the  lower  green  sand.  The  Weald  clay  and  HasN 
ings*  sand  have  generally  been  represented  as  distinct 
formations,  but  in  reality  the  whole  of  the  Wealden 
is  composed  of  beds  of  clay,  limestone,  and  sandstone, 
though  in  the  outer  part,  marked  with  dots,  the  clay 
predominates.  The  sand  and  sandstone  predominate 
in  the  central  parts  marked  by  diagonal  lines,  extend- 
ing east  and  west  from  beyond  Horsham  to  Hastings. 
In  this  direction  the  sandstone  forms  a  range  of  hills 
of  considerable  elevation.  Crowborough  beacon,  the 
loftiest  part  of  the  range,  attains  the  height  of  more 
than  800  feet. 

It  is  true  that  nowhere  in  Kent  or  Sussex  do  we 
obtain  a  section  of  strata  on  which  the  Wealden  beds 
rest.  At  Lulworth  Cove,  in  Dorsetshire,  where  a  por- 
tion of  these  beds  have  been  traced,  they  appear  to 
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k  have'covered  the  upper  or  Portlantl  oolites.  Some  por- 
tioii  of  the  same  beds  have  been  observed  in  the  Isle 
of  Wight ;  but  tiiey  have  not  been  found  in  the'  mid- 
land counties  of  England.  The  ferruginous  character 
of  some  of  the  l)eds  occasioned  them  to  be,  for  a  long 
time,  mistaken  for  the  iron  sand  belonging  to  the 
green  sand  formation,  hereafter  to  be  described. 
The  name  of  Hastings  or  iron  sand,  Weald  clay,  and 
Petworth  and  Piirbec  limestone,  have  been  given  to 
diflercnt  parts  of  tiiis  accumulation  of  sand,  sand- 
stone,  and  argillaceous  limestone,  to  which  the  name 
of  the  Wealden  or  Sussex  beds  may  be  collectively 
applied.  The  clay  called  the  Weald  clay  may  be  re- 
garded as  the  principal  member  of  this  fonuation,  to 
which  the  sandstone,  calciterous  grit,  and  limestone, 
are  subordinate;  tor  though  the  sand  and  sandstone 
form  lofty  cliffs  on  the  coast,  they  alternate  with  marl 
and  clay,  and  rest  on  beds  of  clay.'  We  shall  there- 
fore describe  the  Weald  clay  in  conjunction  with  the 
beds  of  limestone  and  sandstone.  The  day  is  a 
bluish  or  brownish  tenaceous  clay,  sometimes  indu- 
rated and  slaty.  Thin  beds  of  limestone,  separated 
by  seams  of  clay,  occur  in  different  parts  of  the 
Weald  clay :  they  have  been  known  lor  furnishing  a 
stone  for  architectural  purposes,  called  Sussex  marble, 
and  Petworth  marble.  Some  of  tiie  more  compact 
varieties  are  sufficiently  hard  to  receive  a  good  polish. 
These  beds  abound  with  shells  of  the  pidudina,  and 
crusts  of  the  Cypris  fabat,  and  other  ii-esh-water 
shells.     Masses  of  calciterous  sandstone,  nearly  re« 
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•  Below  the  Castle  rock  at  Hastings,  borings  were  made  in 
1629;  they  were  chiefly  in  clay.  'Vhv  clay  from  Uie  deptli  of 
120  feet,  which  I  examinutii  was  a  whitish -grey  pipt'-clay.  The 
borings  were  made  to  obtain  water  for  the  Pelliani  Baths,  which 
was  found  at  the  depth  of  260  feet,  of  a  good  quality,  and  rose 
nearly  to  the  surface. 

f  TEie  Cypris  faba  is  a  crustaccous  animal  in  a  roundish  shell  or 
case,  not  much  larger  than  a  grain  of  millet.  Tliv  living  species 
are  aquatic  monoculi,  which  swim  in  frosh  water,  and  dqK>sit 
their  eggs  on  the  leaves  of  aquatic  plants,  or  in  the  mud.     'Die 

ludiua  ii  a  fresh-water  univalve  sbdl. 
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sembling  the  well-known  sandstone  of  Fontainbleau, 
occur  in  various  parts  of  the  Weal  den,  both  in  what 
may  be  called  the  Weald  clay,  and  the  lower  beds  of 
sand  and  sandstone,  called  Hastings'  sand.  The 
Hastings'  sandstone  is  composed  of  yellowish  or 
whitish  grains  of  sand,  very  loosely  adhering,  alternat- 
ing with  beds  of  clay,  and  with  a  small  sandstone 
conglomerate,  containing  rounded  fragments  of  bones, 
and  scales  of  fishes.  Over  this  bed  there  occurs,  in 
some  parts  of  the  Weald  (particularly  at  Tilgate 
Forest),  a  bed  of  coarse  conglomerate,  consisting  of 
quartz  pebbles,  and  rounded  pieces  of  Lydian  stone 
and  jasper,  and  containing  bones  and  teeth  of  fishes 
and  saurian  animals.  '  The  upper  sands  are  generally 
fiiwn-coloured,  and  contain  lignite,  bituminous  mat- 
ter, and  vegetable  impressions. 

Ironstone  occurs  in  considerable  quantities  in  the 
Sussex  beds.  In  the  sixteenth  century,  before  the 
coking  of  coal  for  smelting  of  iron  ore  was  dis- 
covered, two  thirds  of  the  iron  manufactured  in  Eng- 
land was  obtained  from  the  Sussex  beds.*  The 
Wealds  of  Kent  and  Sussex,  being  then  covered  with 
forest  trees,  supplied  the  fuel  for  smelting  the  ore. 

To  the  indefatigable  and  scientific  researches  of 
Gideon  Mantell,  Esq.,  F.R.S.,  we  are  indebted  for  a 
knowledge  of  the  true  zoological  characters  of  the 
Wealden  beds,  which  he  has  described  in  his  "  Illus- 
trations of  the  Geology  of  Sussex,  with  Figures  of  the 
Fossils  of  Tilgate  Forest."  This  work  contain^  the 
most  interesting  details  of  local  geology  which  have 
appeared  in  this  country.  The  fossil  remains  of  the 
Wealden  beds  consist  of  petrified  trunks  of  large 
plants,  bearing  a  resemblance  to  ^the  palms,  arbores- 
cent ferns,  and  the  gigantic  reeds  of  tropical  climates; 
also  of  the  shells  of  fresh- water  genera,  as  the  fresh- 
water muscle,  the  mya,  cyrena,  paludina,  and  Helix 

*  For  a  knowledge  of  this  fact,  I  am  indebted  to  a  gentleman 
who  has  in  his  possession  an  ancient  work  on  the  iron  trade  o( 
Eogland,  previous  to  the  use  of  coke. 
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v-ivipara.  Some  remains  of  fish,  and  three  distinct 
species  of  turtles,  have  also  been  discovered ;  and  the 
bones,  teeth,  and  scales  of  at  least  live  gigantic 
species  of  the  lizard  family  ;  namely,  the  crocodile, 
the  plesiosaiirus,  the  mcgalosaurus,  the  igiianodon, 
and  the  hyla^osaiims  or  forest  lizard. 

The  crocodilian  remains  are  pronounced  byCuvier 
to  be  almost  identical  with  those  of  the  fossil  croco- 
dile discovered  at  Caen  in  Normandy,  whicli  belongs 
to  the  genus  gavial,  tlie  crocodile  of  the  Ganges. 

Tfie  Plesiosaurus.  —  This  animal  has  been  noticed. 
Chaps.  II.  and  X. 

The  Megalosaurus.  —  The  bones  of  this  animal, 
found  at  Tilgate,  are  similar  to  those  discovered  by 
Mr.  Buckland  in  the  Stonesfield  strata.  The  megalo- 
saurus is  supposed  to  approach  nearer  to  the  form  of 
the  Monitor*  than  to  any  other  species  of  living 
lizard;  but  its  size  is  so  enormous,  that  Cuvier  says, 
if  we  suppose  it  to  have  possessed  the  proportions  of 
the  monitor,  it  must  have  exceeded  seventy  feet  in 
length. 

The  Iguanoddn.  —  A  nondescript  herbivorous  rep- 
tile,  which  Cuvier  pronounces  to  be  the  most  ex- 
traordinary animal  yet  discovered.  Its  structure 
approaches  the  nearest  to  that  of  tlie  Iguana,  a  large 
species  of  lizard  in  the  West  Indies  :  its  length  was 
between  sixty  and  seventy  feet,  wliich  ia  double  tliat 
of  the  lai^est  living  crocodile.  But  the  great  pecu- 
liarity oi'  the  igiianodon  is  the  form  of  its  teeth, 
which  bear  a  striking  resemblance  to  the  grinders 
of  herbivorous  mammalia,  being  evidently  intended 
for  mastication,  in  which  respect  it  differs  from  all 
living  animals  of  the  lizard  family.  The  herbivorous 
amphibia'  gnaw  oft' the  vegetable  productions  on  which 
they  feed,  but  do  not  chew  them.  —  "  Since  the 
vegetable  remains,"  says  Mr.  Mantell,  "  with  which 
^^tlie  teeth  of  the    iguanodon  are  associated,  consist       ^^ 

^^^B  ■  The  Monitor  —  n  species  of  lizard  which  ie  taiA  to  girc  wam-       ^^| 
^^^■g  of  ttie  a[>pro»di  of  Uic  crocodile  by  a  hitging  noise.  ^^| 
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principally  of  those  tribes  of  plants  that  are  furnish« 
with  rough  thick  stems,  and  which  were  probably  the 
principal  food  of  the  original  animal,  we  may  be  per- 
mitted to  remark,  that  this  peculiar  structure  of  the 
.  teeth  seems  to  have  been  required,  to  enable  the 
animal  to  accommodate  itself  to  the  condition  in 
which  it  was  placed."  —  The  igiianodon  appears  also 
to  have  possessed  a  horn,  equal  in  size  and  not  v( 
difi'erent  in  tbrm  from  the  horn  of  the  rhinoceros: 
this  respect,  it  resembles  a  living  species  of  iguana^ 
native  of  St,  Domingo. 


a.  b.  c.  represent  the  teeth  of  the  iguanodon  of 
natural  size  ;  a  is  the  front  view  of  the  perfect 
of  a  young  animal ;  b  is  the  front  view  of  a 
grown  tooth,  with  the  points  worn  down  ;  c,  the 
view  of  the  tooth ;  d  represents  a  highly  ^ 
tooth  of  the  living  iguana.  The  reader  may  be 
prised  at  the  smallness  of  the  teeth  of  the  iguanodi 
but  the  same  proportion  takes  place  in  the  teeth 
all  reptiles.  A  living  iguana,  Jive  feet  in  length,  has 
teeth  not  larger  than  those  of  a  mouse,  c  is  a  re- 
duced drawing  of  the  horn. 

One  of  the  tliigh  bones  of  the  iguanodon,  in  Mr. 

Mantell's  museiun,  is  twenty-three  inches  in  circum- 

■  "  '  ""'   t  condyle,  or  joint  of  another  bom 
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ivhich  I  measured,  was  thirty-four  incites  iu  circum- 
Itrence :  enoniiuus  claws  and  toe  bones  have  also 
teen  discovered.  Mr.  Maiitell,  in  his  interesting 
irork,  the  "  Fossils  of  Tilgatc  Forest,"  justly  observes, 
"ft  Were  this  thiph  bone  clothed  with  muscles  and  in- 
guments  of  suitable  jiroporlions,  wlicrc  is  the  living 
aimal  that  could  rival  this  extremity  of  a  lizard  of 
he  iiriniitive  ages  of  the  world  ?" 
,  Mr.  Mautell  concludes  his  '*  Illustrations  of  the 
riGeology  of  Sussex  "  with  the  following  interesting 
observations :  — 

"  We  cannot  leave  this  subject  without  ofTcring  a 
few  general  remarks  on  the  probable  condition  of  the 

I^untry,  tlirough  which  the  waters  flowed  that  de- 
BDntea    the  stmta  of  Tilgate   Forest,  and   on  the 
mature  of  its  animal  and  vegetable  productions.  Wbe- 
Hier  it  were  an  ishmd  or  a  continent,  may  not  be 
Hetemiined ;  but  that  it  was  diversified  by  hill  and 
■yalley,  and  enjoyed  a  climate  of  a  higher  temperature 
"5    than  any  part  of  modern  Europe,  is  more  than  pro- 
bable.    Several  kinds  of  ferns  appear  to  have  con- 
^Btitutfd  the  immediate  vegL-t;ible  clothing  of  the  soil : 
lie  elegant  Hymcnopli'tiis  psllotoides,  which  probably 
attained  a  greater  height  than  three  or  four 
feet,  and  the  beautiful  Pecopterif  reticulata,  of  still 
lesser  growth,  being  abundant  every  where.     It  is 
aay  to  conceive  what  would  be  the  appearance  of 
ue  valleys  and  plains  covered  with   uiese    plants* 
■om  tJiat  presented  by  modern  tractt,  where  the 
lommon  ferns  so  generally  prevail.     But  the  lotlier 
Erf^tables  were  so  entirely  distinct  from  any  that  ar6 
J^pw  known  to  exist  in  European  countries,  that  we 
sek  in  vain  for  any  thing  at  all  analogous  without 
he  tropics.     The  forests  of  Clathrariiv  and  Endo- 
wenitrE,  (the  plants  of  which,  like  some  of  the  recent 
l^borescent  fenis,  probably  attained  a  height  of  thirty 
pr  forty  feet,)  must  have  borne  a  much  greater  re- 
lemblance  to  those  of  tropical  regions,  tlian  to  any 
liat  now  occur  in  temperate  climates.     That  the  sod 
«|_of  a  sandy  nature  on  the  hills  and  less  elevated 
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parts  of  the  country,  and  argillaceous  in  the  plains 
and  marshes,  may  be  inferred  from  the  vegetable 
i^emains,  and  from  the  nature  of  the  substances  in 
which  they  are  enclosed.  Sand  and  clay  every  where 
prevail  in  the  Hastings*  strata ;  nor  is  it  unworthy  of 
remark,  that  the  recent  vegetables  to  which  the  fos^l 
plants  bear  the  greatest  analogy,  affect  soils  of  this 
description.  If  we  attempt  to  portray  the  animals 
of  this  ancient  country,  our  description  will  possess 
more  of  the  character  of  a  romance  than  of  a  legiti- 
mate deduction  from  established  facts.  Turtles,  of 
various  kinds,  must  have  been  seen  on  the  banks  of 
its  rivers  or  lakes,  and  groups  of  enormous  crocodiles 
basking  in  the  fens  and  shallows.'* 

"  The  gigantic  Megalosaurus,  and  yet  more  gigan- 
tic Igtui?iodonj  to  whom  the  groves  of  palms  and 
Mborescent  ferns  would  be  mere  beds  of  reeds,  must 
have  been  of  such  prodigious  magnitude,  that  the 
existing  animal  creation  presents  us  vrith  no  fit  ob* 
jects  of  comparison.  Imagine  an  animal  of  the  lizard 
tribe,  three  or  four  times  as  large  as  the  largest  cro- 
codile, having  jaws,  with  teeth  equal  in  size  to  the 
incisors  of  the  rhinoceros,  and  crested  with  horns ; 
— such  a  creature  must  have  been  the  iguanodon ! 
Nor  were  the  inhabitants  of  the  waters  much  less 
wonderful ;  witness  the  plesiosaurus,  which  only  re- 
quired wings  to  be  a  flying  dragon;  the  fishes 
resembling  Sihiri,  BalistcBy  &c."  Another  large  fos- 
sir  reptile,  scarcely  less  remarkable  than  the  iguano- 
don, was  discovered  by  Mr.  Mantell,  in  the  strata  of 
Tilgate  Forest,  in  1832.  This  animal  was  less  than 
the  iguanodon.  Mr.  Mantell,  from  his  profound 
knowledge  of  comparative  anatomy,  has  been  able 
to  ascertain,  that  it  differs  in  structure  from  every 
known  species  of  living  or  fossil  lizard  or  crocodile, 
though  it  agrees  with  some  of  them  in  many  impor- 
tant parts  of  its  osteology.  It  appears  to  have  had 
a  row  of  scaly  fringes  on  its  back,  some  of  which  are 
seventeen  inches  in  length :  when  erected,  they  must 
have  given  the  animal  a  truly  terrific  appearance. 
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To  this  new  animal  Mr.  Mantell  proposes  to  give  the 
name  of  Hylasosaurus,  or  Forest  lizard. 

In  the  preceding  chapter  it  was  stated,  that  the 
Portland  oolite  composed  the  upper  beds  of  the  oolite 
formation.  The  annexed  table  will  show  their  posi- 
tion with  respect  to  the  Wealden  beds,  and  the  chalk 
formation,  in  a  descending  series : 

1.  Upper  chalk,  with  flints. 
Lower  chalk  and  chalk  marl. 

2.  Upper  green  sand. 
Blue  clay,  called  gait. 
Fen'uginous  or  iron  sand. 
Lower  green  sand. 

3.  Weald  clay  and  sandstone. 

Sand,  gritstone,  and  conglomerate. 
Argillaceous  limestone    and  slaty  marl,  com- 
prising Purbeck  and  Pet  worth  limestone. 

The  whole  supposed  to  be  resting  upon  the  tipper 
or  Portland  oolite.      (See  the  preceding  Chapter.) 

The  Purbeck  limestone  does  not  occur  in  the 
Weald  country,  though  evidently  a  lower  member  of 
that  formation. 

According  to  the  tabular  arrangement  of  the  fossils 
in  the  different  beds  in  Sussex,  given  by  Mr.  Mantell, 
tlie  chalk,  chalk-marl,  green  sand,  gait,  and  lower 
green  sand,  contain  remains  of  two  hundred  and 
ninety-four  species  of  marine  animals,  and  thirteen 
species  of  plants,  chiefly  marine. 

The  Wealden  beds  contain  remains  of  fifty. two 
species,  which,  with  few  exceptions,  are  either  of  ter- 
restrial or  freshwater  animals,  and  nine  species  of 
terrestrial  plants. 

Of  the  numerous  species  of  chambered  marine 
shells,  such  as  nautilites,  ammonites,  and  belemnites, 
that  abound  in  the  secondary  strata,  below  the 
Wealden,  and  in  the  chalk  formation  above  it,  not 
an  individual  shell  has  been  hitherto  found  in  any 
part  of  the  Weald  formation ;  a  fact  decisive  of  the 
different  character  of  the  latter  beds.      With  respect 
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to  the  bones  of  the  PlesioBoiirus  and  the  Megtlosao- 
rus,  found  in  the  Wealden  beds,  and  also  in  the  strata 
-below  the  Wealden,  we  know  not  whether  the  nature 
of  these  animals  might  not  fit  them  for  living  both 
in  salt  and  fresh  water ;  it  is  also  probable,  that  the 
few  scattered  vertebrsD  found  in  the  Wealden,  may 
have  been  transported  by  currents  or  immdatioiis 
from  more  ancient  rocks.  In  the  same  manner,  thfe 
occurrence  of  a  few  individual  marine  shells,  in  a 
series  of  freshwater  beds,  may  be  satisfactorily 
explained. 

It  may  be  proper  to  call  the  attention  of  the  reader 
to  what  has  oeen  before  stated,  respecting  the  sub- 
mersion of  the  coal  strata,  and  their  being  coveired 
with  marine  formations,  and  again  elevated ;  see 
Chapter  VIII.  The  circumstances  that  attended  the 
^evation  and  depression  of  the  coal  st^-ata,  appear 
to  have  been  similar  to  what  took  place  at  a  subse- 
quent period  in  the  Sussex  beds  or  Wealden:  other 
instances  of  similar  submergence  might  be  given, 
ere  it  necessary. 

While  this  part  of  the  work  was  passing  through 
the  press,  the  author  received  a  copy  of  a  Geological 
Sketch  of  the  Vicinity  of  Hastings,  by  William 
Henry  Fitton,  M.D.  F.R.S.  &c.  It  gives  a  brief, 
but  very  clear  description  of  the  Wealden  form- 
ation, the  extent  of  which  Dr.  Fitton  has  taken  gresA 
pains  to  discover.  According  to  this  statement,  the 
Wealden  gradually  becomes  thinner  near  its  limits 
in  Dorsetshire,  and  the  interior  of  England.  It  dis- 
appears westward,  somewhere  about  Durdle  Cove, 
on  the  Dorsetshire  coast.  The  existence  of  the  Pur- 
beck  beds  in  the  vale  of  Wardour  has  long  been 
known  j  in  that  place  Dr.  F.  has  detected  also  some 
traces  of  sands,  corresponding  to  those  of  Hast- 
ings. **  Slaty  limestone,  like  that  which  occurs  in 
the  upper  part  of  the  Isle  of  Portland,  is  found 
above  the  equivalent  of  the  Portland  stone  at  Brill 
and  Whitchurch,  west  of  Aylesbury,  in  Buckingham-  , 
^-1  and  on  the  coast  of  tne  Boulonnois,  in  France. 
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But  besides  these  places,  Beaiivais,  in  the  interior  of 
France,  is  the  only  other  locality  in  which  any  mem- 
bers of  the  Wealtfen  have  yet  been  shown,  on  good 
evidence,  to  exist" 

The  position  of  the  extreme  points  of  thi.s  form- 
ation from  west  to  east,  or  froiti  Luiworth  Cove  to 
the  boundary  of  the  lower  Bouioniioin,  is  about  200 
English  miles  N.  W.  to  S.  E.,  or  Iroiii  Whitchurch  to 
Beauvais,  about  QiO  miles :  tlie  depth  or  total  tJiick- 
ness,  where  greatest,  being  about  dOOO  feet.'  Dr.  Eit- 
ton  remarks,  that  this  is  a  wide  difliision  of  the  strata, 
if  tlicy  were  the  product  of  an  estuary,  but  by  no 
means  greater  than  that  of  many  of  the  actual  de> 
poRits.  in  some  of  the  larger  rivers  on  tiie  present 
surface  of  the  f^lobe.  Dr.  Eitton  cites  the  Deltas  of 
the  Ganges,  the  Mississippi,  and  the  Quorra  or  Niger 
in  .\i'rica,  as  presenting  an  extent  of  surtiice  nearly 
equal  to  that  of  the  Wealden  tnrmation.  I  think  it 
evident  however,  that  certain  parti  of  the  Wealden 
were  once  dry  land,  or  shallow  water.  The  Cypris 
faba  in  the  clay  beds,  probably  lived  and  died  where 
its  crustaceous  remains  are  so  abundant,  and  many 
of  the  plants  must  have  flourished  on  dry  land.  In- 
deed, we  do  not  remove  the  necessity  of  admitting 
a  submergence,  by  supposing  the  Weaiden  to  have 
been  deptisited  in  a  deep  estuary  ;  tor  to  form  a  large 
river,  and  such  an  estuary,  tilled  with  fresh  water,  ex- 
tensive mountain  ranges  of  great  elevation  would  be 
required,  and  these  must  have  been  submerged  or 
removed,  before  tlie  deposition  of  the  chalk  form- 
ation,  which  it  cannot  be  doubted  took  place  in  a  deep 
ocean,  as  that  formation  is  more  than  one  thousand 
ftet  in  thickness. 


Ill  the  section  it  is  stateil  at  1000  feet. 
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CHAP.  XIV. 

ON  CHALK,  AND  THE  SUBJACENT  BEDS  OF  GREEN 

SAND. 

Extent  of  the  Chalk  Formation.  —  Green  Sand  divided  into  k)w*^ 
and  upper  Ghreen  Sand  by  a  Bed  of  Clay  called  Gait.  — Chalk 
Marl.  —  Chalk,  its  Mineral  Characters.  —  Change  of  Charac^ 
in  the  Alps.  —  Flints  in  the  upper  Chalk.  —  On  the  Formation 
of  Flints.  —  Remarkable  Organic  Remains  in  Chalk.  —  Keceiit 
Discovery  of  Beds  belonging  to  the  Chalk  Formation,  m  the 
United  States  of  America.  —  On  the  Scaglia  of  the  Alps  sup- 
posed to  represent  Chalk.  . 

jTjhe  well-known  mineral,  chalk,  with  its  subjacent 
beds  of  green  sand^  comprises  a  formation  or  series  of 
strata  of  great  depth,  which  are  spread  over  a  large 
portion  of  the  south-eastern  and  eastern  counties  of 
England,  and  are  found  covering  a  large  extent  of 
surface  in  the  northern  parts  of  France,  preserving 
nearly  the  same  characters  as  the  English  chalk* 
Similar  beds  are  found  in  Germany  and  in  the  north 
of  Europe;  but  on  approaching  the  mountain  ranges 
of  the  northern  chain  of  Alps,  the  mineral  characters 
of  chalk  undergo  a  considerable  change.  Scarcely  a 
trace  of  chalk  is  found  in  any  part  of  Scotland ;  but 
it  occurs  in  the  north  coast  of  Ireland. 

The  animal  remains  in  chalk  and  its  subjacent 
green  sand,  are  exclusively  marine,  proving  that  this 
great  calcareous  and  arenaceous  deposition,  a  thou* 
sand  feet  or  more  in  thickness,  was  formed  under  the 
ocean. 

Chalk  is  regarded  as  the  last,  or  uppermost,  of  the 

secondary  strata ;  and  there  is  a  marked  difference 

between  the  organic  remains  in  chalk,  and  those  in 

^^  tertiary  strata  that  in  many  situations  cover  it. 

ogical  position  of  chalk  is  over  the  oolite 

but  we  have  seen,  in  the  last  chapter,  that 
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in  the  counties  of  Sussex  and  Kent,  chalk  and  green 
sand  rest  immediately  upon  the  freshwater  beds  of 
the  Wealden ;  and  in  the  western  counties  of  Eng- 
land,  where  the  oolite  is  wanting,  chalk  covers  lias 
and  red  marl.  The  thick  beds  of  green  sand  under 
chalk  are  regarded  as  constituting,  with  the  chalk, 
one  marine  formation,  as  they  contain  many  of  the 
same  genera  of  fossil  remains,  both  in  England  and 
on  the  continent  of  Europe  ;  and  the  lower  beds  of 
chalk  or  chalk  marl,  pass  gradually  into  the  green 
sand,  by  a  close  intermixture  with  it,  and  have,  on 
account  of  their  greenish  or  yeIlo%vish  colour,  been 
denominated  Glaitco/iie  crai/euse  and  Craic  chlon/ee, 
by  the  French. 

Green  sand  has  received  its  English  name  from  its 
intermixture  with  particles  of  green  earth;  it  is  very 
variable  in  its  mineral  characters,  being  sometimes 
found  composed  of  loose  siliceous  sand ;  in  other 
situations  it  forms  sandstone,  cemented  by  calcareous 
earth ;  it  abounds  in  siliceous  concretions,  which 
varyirom  an  opaque  bluish  white  chert  or  hornstone, 
to  flint  and  chalcedony.  The  geodes  found  in  the 
gi-een  sand  near  Sidmouth,  are  composed  oi'  opaque 
cherton  the  outside,  and  contain  within,  mammillated 
concretions  of  beautiful  chalcedony,  and  occasionally 
perfect  minute  rock  crystals.  Some  of  the  sandy 
concretions  near  Sidmouth  have  a  beautiful  green 
colour.'which  I  found  to  proceed  from  green  sulphate 
of  iron." 

The  total  thickness  of  the  green  sand  where  it  is 
fully  developed,  is  more  than  400  feet.  The  lower 
sand  is  generally  ferruginous,  and  has  been  called 
iron  sand,  from  the  large  quantity  of  oxide  of  iron 
disseminated  through  it;  but  the  lowest  beds  often 
contain  green  particles  like  those  in  the  upper  green 
sand.     Tlie  upper  and  lower  green  eand  are  in  many 

•  On  llie  east  of  Sidmouth,  imniediately  above  the  town.  1  ob- 
served green  sand,  inttTtnixcd  with  black  particles  which  1  ascer- 
tained to  be  tlie  black  oxide  of  mongaDese,  as  they  gave  a  violet 

■-colour  to  ehiBi  when  fused. 
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tttuations  separated  by  a  **  bed  of  stiff  marl,  varying 
from  a  light  grey  to  a  dark  blue/'  According  to 
Mr.  Mantel  1,  its  greatest  thickness  in  the  south  of 
Sussex  is  about  250  feet*  This  bed  has  been  called 
the  Folkstone  Marl,  but  is  more  generally  known  by 
the  provincial  name. of  Gait*  The  marine  shells,  in 
which  it  abounds,  are  generally  distinguished  by  their 
brilliant  pearly  lustre;  they  consist  of  ammonities, 
nautilites,  a  small  species  of  belemnite,  and  various 
other  shells. 

The  upper  green  sand  is  remarkable  for  the  chal- 
cedonic  appearance  of  the  flint  or  chert  which  it 
contains.  This  sand  has  been  sometimes  called  Are 
stone,  to  distinguish  it  from  the  lower  green  sand. 
The  green  particles  are  chiefly  composed  of  the  prot- 
oxide of  iron  and  silex,  denominated  by  M.  Berthier 
a  silicate  of  iron.  In  some  parts  of  the  Savoy  Alps, 
the  beds  analogous  to  green  sand  are  of  enormous 
thickness,  and  are  nearly  black,  but  contain  many  of 
the  same  fossils  as  the  English  green  sand.  From 
these  beds  I  obtained  hamit^  scaphites,  and  various 
species  of  small  echinites.  The  upper  green  sand, 
as  before  observed,  becomes  intermixed  with  an 
argillaceous  and  calcareous  bed  called  chalk  marl, 
which  may  be  regarded  as  the  lowest  bed  of  the 
under  chalk.  It  is  of  a  darker  colour  than  common 
chalk,  but  burns  into  useful  grey  lime. 

Chalk.  —  This  rock  is  better  known  by  its  mineral 
characters  in  England  and  the  northern  parts  of 
Europe,  than  any  other  of  the  secondary  strata.  Its 
prevailing  colour  is  nearly  white ;  it  has  an  earthy 
texture,  and  is  generally  so  sofit  as  to  yield  to  the 
nail.  These  are,  however,  not  the  univei^sal  charac- 
ters of  chalk.  The  lower  beds  in  Yorkshire  are  red, 
and  the  scaglia  of  the  northern  Alps,  which  is  a 
mode  of  chalk,  has  also  a  red  colour ;  and  in  sbme 
parts  of  the  Alps  this  rock  is  highly  indurated,  and 
resembles  more,  white  statuary  marble  than  English 
chalk.  The  greatest  thickness  of  the  chalk  strata  in 
England  may  be  estimated  at  from  600  to  800  feet* 
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The  upper  beds  contain  numerous  nodules  and  short 
irregular  veins  of  flint ;  the  lower  chalk  contains 
iewer  flints,  and  is  generally  harder  than  the  upper 
ebalk,  and  is  sometimes  used  for  building  stone.  Id 
France,  the  beds  of  chalk  seldom  attain  the  thickness 
which  they  have  in  England.  The  French  divide 
the  chalk  formation  into  the  lowest  or  chalk  marl, 
with  green  particles,  crate  cJiloritee,  or  glauconie 
crayeme;  the  middle  or  coarse  chalk  is  of  a  greyish 
colour,  and  intermixed  with  sand ;  it  contains  whitish 
chert  {crate  grossiere^  or  craie  tiifeau) ;  the  upper  or 
white  chalk  {crate  blanche^  which  contains  nodules 
of  common  flint. 

M.  Humboldt,  afler  noticing  the  great  intermix- 
ture of  tlie  sandy  calcareous  and  argillaceous  beds,  in 
the  formations  below  chalk,  and  which  is  greatly  in- 
creased in  the  tertiary  strata  above  chalk,  observes, 
"  that  nature  seems  to  have  relented  in  her  tendency 
to  form  complex  mixtures,  when  chalk  was  de- 
posited." In  the  chalk  formation,  we  And  a  vast 
assemblage  of  calcareous  strata,  composed  of  car- 
bonate of  lime,  with  very  little  intermixture  of  the 
other  earths,  and  without  any  alternation  with  argil- 
laceous or  siliceous  strata.  Chalk  is  not,  however, 
absolutely  pure ;  for,  beside  the  nodules  and  veins  of 
flint  that  occur  in  it,  but  which  bear  no  sensible 
proportion  to  the  whole  mass,  some  of  the  strata  con- 
tain an  intermixture  with  siliceous  sand,  and  in  other 
strata,  calcareous  earth  is  combined  with  magnesia. 
In  some  of  the  chalk  strata  in  France,  the  magnesia 
exceeds  ten  per  cent.,  and,  I  believe,  many  of  the 
English  chalk  strata  contain  as  great  a  proportion  of 
magnesian  earth. 

Chalk,  which  contains  a  notable  portion  of  mag- 
nesia,  may  generally  be  known  by  an  appearance  of 
dendritical  spotted  delineations  on  the  surface  of  the 
natural  partings,  and  by  minute  black  spots,  like 
grains  of  gunpowder,  in  the  substance  of  the  chalk. 

The  stratification  of  chalk  is  seldom  so  distinct  as 
in  many  other  calcareous  formations:  this  may  be 
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partly  owing  to  the  softness  of  the  beds,  which 
appear  to  have  yielded  to  pressure ;  and  to  the  same 
cause  we  may  probably  ascribe  the  fractured  state  of 
the  nodules  of  flint  in  chaik,  which  often  appear 
whole,  when  they  are  imbedded  in  the  rock,  but 
when  taken  out,  are  found  to  be  shivered  into  in- 
numerable  angular  fragments.  The  nodules  of  flint 
are  commonly  arranged  in  pretty  regular  layers-  in 
the  chalk  ;  tney  occur  in  detached  concretions  of 
various  shapes  and  sizes  :  some  of  them  are  believed 
to  be  the  casts  of  spongiform  zoophytes,  and  this  is 
rendered  more  probable  by  the  frequent  occurrence 
of  fossil  echini  in  chalk,  in  which  the  internal  part 
is  filled  with  flint,  and  forms  a  perfect  cast  of  the 
animal.  In  some  of  the  chalk  flints  near  Paris,  there 
are  beautiful  small  crystals  of  sulphate  of  strontian. 

The  constant  occurrence  of  flint  in  the  upper  chalk, 
and  the  apparent  conversion  of  animal  remains  into 
flint,  has  formerly  given  rise  to  much  speculation 
respecting  the  origin  of  flint ;  and  it  was  at  one  time 
maintained,  that  flint  and  chalk  were  convertible  or 
capable  of  undergoing  a  mutual  transmutation  :  but 
whatever  hidden  processes  there  may  be  in  the  great 
laboratory  of  the  earth,  by  which  all  mineral  sub- 
stances, held  to  be  elementary  by  the  chemist,  may 
be  resolved  into  original  elements  still  more  simple^ 
and  afterwards  recompounded  into  other  substances 
we  have  no  reason  to  mount  so  high  in  our  specula- 
tions, respecting  the  origin  of  flint. 

Flint  is  siliceous  earth  nearly  pure ;  and  we  find  the 
same  earth  under  different  forms,  combined  with 
almost  all  calcareous  rocks  in  a  greater  or  lesser 
proportion. 

Primitive  limestone  is  often  much  intermixed  with 
siliceous  earth.  Transition  limestone  occasionally 
contains  rock-crystals  imbedded  in  the  mass:  this 
is  not  unfrequently  the  case  in  some  of  the  transition 
limestones  ot  Derbyshire.  The  magnesian  limestones 
and  oolites,  are  also  very  commonly  intermixed  with 
siliceous  grains,  and  often  alternate  with  strata  that 
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are  more  or  less  siliceous:  hence  we  need  not  be 
surprised  to  find  siliceous  earth  in  chalk,  either 
combined  with  calcareous  earth,  or  separated  in 
distinct  concretions.  When  tlie  cavities  of  a  sponge 
or  of  a  crustaceous  animal  admitted  the  siliceous 
earth  to  enter,  it  appears  to  have  been  infiltered 
from  the  chalk,  in  the  same  manner  as  the  nodules 
of  chalcedony  have  been  infiltered  into  the  cavities 
of  lava  or  basalt.  Between  chalcedony  and  flint 
there  is  a  near  resemblance,  they  are  only  different 
modes  of  the  same  substance,  and  the  flint  nodules 
in  the  western  counties  of  England  are  frequently 
chalcedonic.  The  hardest  rocks  and  stones  are  per- 
meable to  water;  and  flint  when  first  got  out  of  the 
chalk  is  easily  fractured,  and  the  fractured  surface  is 
found  covered  with  moisture. 

The  organic  remains  in  the  clialk  formation  are 
exclusively  marine.  They  are  too  numerous  to  be 
described  in  the  present  work,  but  it  will  be  proper 
to  notice  those  that  are  the  most  characteristic.  These 
are,  first,  echinites,  particularly  the  helmet-shaped 
species  called  ananchytcs,  and  the  heart-shaped 
species  spatangus  cor  anguinum.  The  chambered 
shells  called  scaphites,  hamites,  turrilites,  and  bacu- 
lites,  are  regarded  as  peculiar  toth<*  chalk  formation: 
it  also  contains  ammonites,  belemnites,  and  nautilites. 
Numerous  organic  remains  of  zoophytes,  in  the  state 
of  flint,  particularly  of  sponges  and  alcyonia,  occur 
in  chalk,  and  various  species  of  bivalve  shells;  but 
there  are  comparatively  few  spiral  univalve  shells  in 
this  formation.  It  is  probable  that  the  deep  ocean 
in  which  chalk  was  deposited,  was  not  suited  to  the 
inhabitants  of  such  shells,  for  the  animals  had  heads 
and  eyes,  and  required  shallow  water  to  see  their 
food.  Several  specimens  of  fossil  fish  from  chalk 
may  be  seen  in  the  valuable  museum  of  Mr.  Mantell, 
at  Lewes,  and  some  vertebral  remains  of  large  saurian 
animals,  but  these  are  rare.  Teeth,  palates,  and 
scales  of  fishes,  occur  more  frequently  in  chalk  than 
vertebrae.     The  great  preservation  in  which  some  of 
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the  most  delicate  organic  remains  are  frequently 
found,  render  it  probable  that  chalk  was  deposited 
in  a  deep  and  tranquil  sea.  Balls  of  iron  pyrites, 
with  a  radiated  diverging  structure,  are  frequently 
found  in  chalk ;  and  the  large  spines  of  echini^  of 
the  genus  Cidaris,  are  found  converted  into  pyrites  in 
the  chalk-pits  near  Dorking;  they  resemble  small 
fungi  with  a  stalk  and  rounded  head.  Mr.  M antell 
has  recently  discovered  the  Hippurite  in  chalk:  it 
had  not  been  found  before  in  England. 

The  vegetable  reyoains  in  chalk  are  very  few,  and 
appear  to  belong  to  species  of  fuci ;  but,  according  to 
M.  Brogniart,  in  the  Isle  of  Aix,  near  Rochelle,  there 
is  a  considerable  bed  of  lignite  in  the  lower  bed  of 
chalk,  which,  he  says,  may  have  been  formed  of  peat, 
composed  of  decayed  fuci  and  other  marine  plants. 

Before  concluding  this  brief  account  of  the  organic 
remains  in  chalk,  it  will  be  proper  to  notice  an  im- 
portant discovery  that  has  been  lately  made  by  Dr. 
Morton,  in  the  United  States  of  America.  It  had 
been  asserted  by  M.  Humboldt,  that  neither  oolite 
nor  chalk  have  been  found  in  South  America,  and 
such  was  generally  believed  to  be  also  tlie  case  in 
North  America.  At  the  time  when  M.  Humboldt 
visited  South  America,  it  was  not  known  or  even 
suspected,  that  chalk  and  polite  might  undergo  a 
change  of  mineral  characters,  and  be  converted  into 
crystalHne  rocks,  resembling  primary  and  transition 
limestone.  I  believe  I  first  discovered  that  the 
calcareous  rocks  in  Savoy,  which  were  described  by 
the  French  geologists  as  primitive  and  transition 
limestones,  were  in  reality  lias,  oolite,  and  chalk; 
and  about  the  same  period  Dr.  Buckland  made  a 
similar  discovery  of  the  true  character  of  the  calcare- 
ous beds  in  the  Alps,  which  had  been  mistaken  for 
transition  rocks.  It  is  therefore  probable,  that  many 
of  the  calcareous  beds  in  America,  may  represent  the 
chalk  and  oolite  of  Europe.  Dr.  S.  G.  Morton  has 
ascertained  that  there  are  extensive  beds  of  marl  in 
new  Jersey  and  Maryland,  and  extending  into  other 
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states,  which  contain  the  characteristic  fossils  of  the 
chalk  formation,  particularly  baculites  and  scaphites, 
together  with  ammonites,  belemnites,  echinites  (the 
ananchytes),  the  mososaurus  and  plesiosaurus,  also 
bivalve  and  univalve  shells  of  the  same  epoch.  This 
formation  in  some  parts  is  covered  by  tertiary  strata. 
Mr.  Mantel),  whose  accurate  knowledge  of  the  chalk 
formation  in  England  will  not  be  disputed,  has  re- 
ceived specimens  of  these  organic  remains  from 
America,  and  refers  them  decidedly  to  the  chalk 
formation,  though  he  considei-s  that  some  of  them  are 
analogous  to  the  superior  chalk  beds  at  Maestricht> 
which  are  wanting  in  the  chalk  formations  of  France 
and  England.  See  Silliman's  Journal,  February,  1832. 

Dr.  Morton  is  about  to  publish  a  more  full  account 
of  his  discoveries. 

Between  the  epoch  when  chalk  was  deposited, 
and  tlie  period  when  it  was  covered  with  the  tertiary 
strata,  there  appears  to  have  been  a  considerable 
interval,  during  which  the  surface  of  the  extensive 
mass  of  chalk  was  deeply  furrowed  and  excavated, ' 
before  a  new  series  of  strata  were  deposited  upon  it, 
destined  to  support  a  new  creation  of  animals  of  a 
superior  class,  altogether  different  from  those  which 
have  lefl  their  remains  in  the  subjacent  strata.  In 
some  situations,  however,  the  tertiary  strata  appear  to 
rest  conformably  on  chalk,  and  present  no  indications 
of  any  interruption  in  tlie  regular  series  of  successive 
deposits.  In  an  interesting  paper,  by  Professor  Sedg- 
wick and  R.J.  Murchison,  Esq.  on  the  relations  of  the 
secondary  and  tertiary  strata  on  the  southern  flanks 
of  the  Tyrolese  Alps,  published  in  the  Phil.  Mag.  for 
June,  1829,  the  tertiary  strata  are  described  as  forming 
a  vast  series  of  beds  resting  on  scaglia  or  chalk :  the 
lowest  of  these  beds  contain,  exclusively,  the  remains 
of  marine  animals,  and  no  interval  of  repose  can  be 
traced  between  the  epochs  of  the  formation  of  the  se- 
condary and  tertiary  strata.  The  scaglia  occurs  in  beds 
nearly  vertical :  the  upper  ones  contain  nodules  and 
layers  of  flints :  their  colour  is  red,  and  their  structure 
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fissile.  The  lower  beds  are  thicker,  and  mb?e  com- 
pact, and  pass  into  a  beautiful  white  saccharoid 
marble.  The  scaglia  contains  in  some  parts  ammo- 
nites and  belemnites.  It  cannot,  however,  be  denied, 
that  where  the  beds  are  so  much  broken  and  contorted 
as  they  are  on  the  Tyrolese  Alps,  and  where  their 
mineral  characters  differ  so  much  from  beds  of  the 
chalk  formation  in  England  and  France,  it  becomes 
extremely  difficult  to  ascertain  the  identity  of  these 
secondary  depositions  in  distant  countries.  In  the 
calcareous  formations  of  the  Savoy  Alps,  I  not  only 
discovered  the  characteristic  fossils  of  the  English 
strata,  but  observed  some  of  the  beds  possessing  the 
true  mineral  characters  of  the  English  oolites,  and 
lias;  but  where  ihese  characters  are  entirely  wanting, 
and  where,  from  the  over  turning  and  contortion  of 
the  strata,  the  aid  of  relative  geological  position 
cannot  be  obtained,  the  inferences  from  a  few  fosBil 
organic  remains  must  be  received,  with  a  certain 
degree  of  caution. 
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CHAP.  XV. 

ON  THE  FORMATION  OF  SECONDARY  LIMESTONE 
AND  SANDSTONE,  AND  ON  THE  PROGRESSIVE 
DEVELOPEMENT  OF  ORGANIC  LIFE, 

On  the  Deposition  of  Chalk.  -->  Whether  formed  by  Animal  Secre- 
tion, or  bj  Eruptions  of  Water  holding  calcareous  Earth  in 
Suspension  or  Solution.  —  Mud  Volcanoes.  —  Animal  Bodies 
suddenly  encased  in  Chalk  indicate  the  Time  required  to  form  a 
Stratum  of  a  given  Thickness.  —  Oolite  and  Ecrinal  Limestone 
partly  formed  by  Animal  Secretion.  —  Formation  of  Sandstone. 
—  Ren^ated  Appearance  of  Dry  Land  during  the  Epoch  when 
the  Secondary  Strata  were  deposited.  —  Progressive  Develope- 
ment  of  Organic  Life  in  the  Secondary  and  Tertiary  Epochs.  — . 
Disappearance  of  enormous  Reptiles  and  chambered  Shells 
from  the  Seas  of  NorUiem  Latitudes.  —  Probability  of  the 
Icthyosaurus  existing  as  a  living  Species  in  the  present  Seas. 

Having  travelled  with  the  reader  over  the  second- 
ary strata,  from  the  lowest  new  red  sandstone,  to  the 
upper  chalk,  he  may  not  be  disinclined  to  pause 
awhile,  and  look  back  upon  the  ground  which  he 
has  already  passed,  comprising  a  series  of  calcareous, 
sandy,  and  argillaceous  beds,  whose  aggregate  thick- 
ness may  not  be  less  than  ten  thousand  feet.  It  is 
scarcely  possible,  in  observing  these  beds,  and  the 
bones  end  shells  of  extraordinary  animals  which 
they  contain,  not  to  feel  some  desire  to  ascertain 
the  causes  by  which  they  were  thus  entombed,  and 
to  enquire  in  what  manner,  or  by  what  agents,  the 
different  beds  were  deposited  or  consolidated.  Such 
researches  form  rational  and  legitimate  subjects  for 
the  meditation  of  the  geologist,  though  he  may 
frequently  have  to  lament  the  imperfection  of  his 
present  knowledge,  and  the  mystery  in  which  many 
of  the  processes  of  nature  are  still  involved. 

One  of  the  most  ancient  geological  enquiries  re- 
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lates  to  the  formation  of  limestone  rocks  and  strata. 
Whence  was  the  calcareous  matter  derived?  Some 
limestone  rocks  are  chiefly  composed  of  shells,  or 
other  calcareous  remains  of  marine  animals,  and 
in  such  instances  we  can  have  little  hesitation  in 
ascribing  their  formation  to  animal  secretion,  similar 
to  what  is  taking  place  in  the  numerous  coral  reeft 
in  the  Pacific  ocean.  There  are  other  beds,  however, 
such  as  chalk,  to  which  a  similar  formation  cantiot  be 
ascribed ;  for  though  they  contain  numerous  organic 
fossils,  these  do  not  bear  the  proportion  of  one  to 
one  hundred  millions,  when  compared  to  the  whole 
mass,  and  the  chalk  does  not  appear  to  have  under- 
gone any  chemical  change,  from  heat  or  other  causes, 
that  could  have  obliterated  the  traces  of  oi^nic 
existence.  In  no  formation  are  the  most  delicate 
organic  textures  of  animals  better  preserved.  In 
Mr.  MantelPs  splendid  collection  of  (j^alk  fossils  at 
Lewes,  there  are  specimens  of  fish,  in  which  the 
body  is  entire  and  the  air-bladder  is  uncompressed 
—  and  the  beautiful  forms  of  many  shells  covered 
with  spines,  prove  that  they  could  not  have  been 
drifted  from  a  distance,  or  deposited  in  an  agitated 
ocean. 

I  have  never  been  able  to  comprehend,  why  any 
peculiar  difficulties  should  be  supposed  to  attend 
the  enquiries  respecting  the  origin  of  calcareous  or 
magnesian  earths;  or  of  the  carbon  and  sulphur 
occurring  in  rocks,  in  the  state  of  carbonic  or  sul- 
phuric acids.  It  would  be  equally  proper  to  institute 
an  enquiry  into  the  origin  of  silex  or  alumine..  I 
hold  the  earth  itself,  and  its  ancient  atmosphere,  to 
have  been  the  great  chemical  laboratories,  in  which 
all  the  solid  and  fluid  parts  of  the  surface  were 
originally  prepared  and  formed.  This  opinion  I 
stated  at  some  length  in  Chap.  XVI.  of  the  second 
edition  of  this  work  in  1815,  and  also  in  the  third 
Edition,  in  a  chapter  on  the  agency  of  subterranean 
fire  in  the  formation  of  rocks,  and  on  igneous  and 
«H)us  eruptions  of  earthy  matter.     It  has  been  too 
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much  the  fashion  to  consider  all  the  secondary  strata 
as  mechanical  depositions ;  but  the  siliceous  strata  in 
the  Paris  basin,  the  layers  of  flint  in  chalk,  and  the  beds 
c^  chert  or  homstone  in  transition  limestone,  are  cer- 
tainly as  much  original  formations  as  granite  itself. 

In  referring  to  the  vast  magnitude  of  ancient 
volcanoes,  I  have  stated  that  they  had  doubtless  an 
important  olSice  to  perform  in  nature :  and  can  it  be 
unreasonable  to  believe,  that  the  earth  itself  is  the 
great  laboratory  and  storehouse,  where  the  materials 
that  form  its  surface  were  prepared,  and  from  whence 
they  were  thrown  out  upon  the  surface  in  an  igneous, 
aqaeous,  or  gaseous  state,  cither  as  melted  lava,  or  in 
aqueous  solution,  or  in  mechanical  admixture  with 
water  in  the  form  of  mud,  or  in  the  comminuted 
state  of  powder  or  sand?  Inflammable  and  more 
volatile  substances  may  have  been  emitted  in  a  gase- 
ous state,  and  become  concrete  on  the  surface. 

These  primeval  eruptions,  judging  from  the  size 
of  the  ancient  fissures  and  craters,  may  have  been 
BuflScient  to  cover  a  large  portion  of  the  globe.  Nor 
can  it  be  deemed  improbable,  that  still  larger  and 
more  ancient  craters  have  been  entirely  covered  by 
succeeding  eruptions.  In  proportion  as  the  form- 
ation of  the  surface  advanced,  these  eruptions  might 
decline,  and  be  more  and  more  limited  in  their 
operation. 

It  is  not  necessary  to  suppose,  that  these  subter- 
ranean eruptions  consisted  only  of  lava  in  a  state  of 
fusion.  The  largest  active  volcanoes  at  present 
existing,  throw  out  the  different  earths  intermixed 
with  water  in  the  form  of  nmd.  Nor  should  we 
limit  the  eruptions  of  earthy  matter  in  solution  or 
suspension,  to  volcanic  craters :  the  vast  fissures  or 
rents  which  intersect  the  different  rocks,  may  have 
served  for  the  passage  of  siliceous  solutions  to  the 
suriace.  We  know  no  instances  in  nature  of  silice- 
ous eartli  being  held  in  aqueous  solution,  except 
in  the  waters  of  hot  or  boiling  springs  j  and  hence 
it    seems  reasonable   to  infer,  that  many   siliceous 
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rocks  and  veins  have  been  deposited  from  subter- 
ranean waters,  at  a  high  temperature.  *  Calcareous 
or  cretaceous  matter  is  also  ejected  during  aqueous 
volcanic  eruptions.  According  to  Ferrara,  streams 
of  liquid  chalk,  of  chalk  in  the  state  of  mud,  were 
ejected  from  the  mud  volcano  of  Macaluba,  in  Sicily, 
in  1777*  which,  in  a  short  space,  formed  a  bed  several 
feet  in  thickness.  Beds  of  limestone  may  have  been 
formed  by  similar  calcareous  eruptions,  in  which  the 
lime  might  be  sometimes  in  solution,  and  sometimes 
mechanically  suspended ;  and  the  numerous  remains 
of  testaceous  animals  in  limestone  appear  to  indicate, 
that  the  calcareous  solutions  were  favourable  to  the 
growth  of  animals,  whose  coverings  contain  so  miieh 
calcareous  matter.  Nor  is  it  necessary  to  suppose^ 
that  these  aqueous  eruptions  were  always  sudden, 
and  attended  with  violent  convulsions,  for  when  a 
passage  was  once  opened,  they  may  have  risen  slowly^ 
and  have  been  diffused  in  a  tranquil  state,  and  by 
gradual  deposition,  or  condensation,  may  have  enve- 
loped  the  most  delicate  animals  or  vegetables,  with* 
out  injuring  their  external  form.  —  Second  edition^ 
1815. 

If  the  geologist  can  admit  such  a  condition  of  the 
ancient  world  as  above  described,  a  condition  which, 
on  a  smaller  scale,  might  be  proved  to  have  existed 
since  the  period  of  authentic  history:  if  he  will 
further  admit,  that,  before  the  formation  of  chalk, 
a  great  portion  of  what  is  now  England,  and  the 
northern  Continent  of  Europe,  was  covered  by  a  deep 
ocean,  interspersed  with  islands,  and  surrounded  by 
ancient  continents,  and  this  few  modern  geologists  will 
deny.  Then,  if  we  allow  submarine  aqueous  erup- 
tions of  calcareous  matter,  and  siliceous  solutions  from 
thermal  waters,  to  have  been  poured  into  this  deep 

♦  M.  Bro^iart,  to  whom  I  sent  the   edition  of  1815,   subset- 
quently  admitted  a  similar  formation  of  the  siliceous  beds  and  mill- 
stone in  the  Paris  basin,   that  they  were  deposited  by  thermal 
vu  holding  silex  in  solution. 
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ancient  ocean,  we  nhall  have  all  the  circumstances 
required,  to  Conn  thick  beds  of  chalk,  interspersed 
with  nodules  of  flint.  In  an  experiment  on  clay 
fonned  into  a  stiff  paste,  by  admixture  with  a 
saturated  sohition  of  alum,  it  was  found,  on  breaking 
>the  clay  when  dry,  that  alinn  was  interspersed  through 
ihe  mass  in  distinct  crystals  and  concretions.  In  the 
game  manner,  we  may  suppose  that  the  silcx  in  the 
siliceous  solutions,  spread  through  the  calcareous 
matter,  would  separate  into  distinct  concretions,  till- 
ing the  cavities  and  pores  of  zoophytes  —  such  as 
rnges  and  alcyonia.  or  of  shells  deposited  in  the 
Ik.  Every  fact  connected  with  tiie  history  of 
chalk,  proves  that  it  was  (brnied  in  a  very  tranquil 
sea,  and  not  by  the  drift  or  detritus  of  more  ancient 
rocks.  Mr.  Mantcil,  wliost;  almost  daily  observations 
on  the  chalk  formatioi]  scarcely  sutler  an  imi>ortant 
fact  to  escape  his  notice,  says,  that,  in  the  whole  of 
these  immense  beds  that  he  has  examined,  the  occur- 
rence of  a  single  fragment  or  pebble  of  more  ancient 
rocks  in  chalk  is  extremely  rare;  a  fact  decisive 
against  its  bting  formed  by  mechanical  deposition  of 
drift,  or  detritus  of  older  limestones.  The  preserv- 
ation of  the  most  delicate  textures  of  animals  before 
referred  to,  proves  beyond  doubt,  that  those  organic 
bodies  had  not  been  transported  from  a  distance, 
or  subjected  to  the  violent  action  of  inundations  or 
currents. 

The  fossil  fish  found  in  chalk  with  the  body  pre- 
rving  the  natural  tbrm,  and  with  the  air  bladder 
icompressed,  proves  beyond  doubt,  that  the  animal 
was  encased  in  mineral  matter,  before  the  putrefactive 
process  had  effected  the  destruction  of  the  fleshy 
parts,  A  sudden  eruption  of  thermal  water  holding 
calcareous  earth  in  solution  or  suspension,  might 
instantly  deprive  the  animal  of  life,  and  protect 
the  body  from  decay.  The  matter,  called  crela 
by  Ferrara,  erupted  from  Macalubn,  was  certainly 
a  sofl  limestone,  analogous  to  chalk ;  and  though 
tlie  eruption  lasted  only  part  of  a  day,  it  formed 
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a  stratum  many  feet  in  thickness.  Had  this  eruptioD 
taken  place  under  water,  the  earthy  matter  would 
have  been  more  widely  difiused,  and  the  stratum  of 
limestone  deposited,  would  have  been  proportionablF 
thinner.  In  the  case  of  the  fossil  fish  before  statecL 
we  are  not  obliged  to  suppose  the  deposition  to  be  so 
rapid:  several  days  might  elapse  before  the  body 
was  entirely  buried  under  calcareous  earth.  If  we 
say  seven  days,  and  estimate  the  thickness  of  the  fish 
at  three  inches,  we  shall  have  a  chronomet^  to 
measure  the  time  required  to  form  a  stratum  of  chalk 
three  inches  in  depth,  which  is  one  week.  This  is 
equal  to  one  foot  in  a  month,  or  twelve  feet  m  a 
year ;  and  could  we  suppose  the  deposition  to  proceed 
without  interruption,  it  would  not  require  more  thaft 
ninety  years,  to  form  a  mass  of  chalk  beds,  one 
thousand  feet  in  thickness ;  which  is  more  than  that 
6^*  all  the  chalk  beds  in  England.  It  is  by  no  means 
intended  to  support  the  opinion,  that  the  chalk  beds 
were  all  deposited  in  so  short  a  period ;  long  intervals 
cf  repose  might  pass  between  different  eruptions. 
My  object  in  calling  the  attention  of  geologists  to 
this  subject  is,  to  show  that  strata  may  be  formed 
more  rapidly  than  they  are  generally  disposed  to 
believe,  and  that  the  feeble  operations  of  natural 
causes  in  our  own  times,  however  similar  in  kind, 
bear  no  proportion,  in  their  intensity,  to  the  mighty 
agents  that  have  formed  the  ancient  crust  of  the 
globe.  The  deposition  of  a  bed  of  •calcareous  earthy 
a  few  feet  in  thickness  in  some  of  the  Scottish  lakes, 
as  described  by  Mr.  Lyell,  would  appear  to  have 
required  many  centuries  for  its  completion.  In  some 
of  the  beds  of  oolite,  the  quantity  of  animal  remains 
bears  a  considerable  proportion  to  the  whole  mass^ 
and  the  beds  of  encrinal  limestone  in  some  of  our 
mountain  limestones,  are  formed  principally  of  the 
stems  and  branches  of  encrinites,  probably  broken 
by  the  violent  action  of  the  sea ;  but  it  is  not  impro- 
bable,  that  the  interstices  have  been  filled  by  calcareous 
depositions.     It  is  obvious,  that  limestone  strata  of 
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consi'derable  thickness,  if  composed  chiefly  of  organic 
remains,  would  requirL- centuries  for  their  completion. 

Let  us  now  take  a  brief  survey  of  the  beds  of 
secondary  sand  and  sandstone.  The  lowest  or  new 
red  sandstone,  appears  to  have  been  formed  in  an 
epoch  of  volcanic  action  over  a  large  portion  of 
the  present  Kuro|)eaii  continent,  which  broke  up 
the  foundation  of  primary  and  transition  rocks,  and 
scattered  their  fragments  over  the  bed  oi'  an  ancient 
ocean.  In  many  parts  wc  observe  a  tendency  to 
form  beds  of  porphyry,  but  the  process  appears  to 
have  been  often  more  or  less  interrupted  by  disturbing 
causes;  and  we  observe  porphyritic  beds',  with  well 
defined  crystals  of  felspar,  alternating  with  sandstone 
of  meclianical  formation.  We  may  furtlier  observe, 
that  in  this  epoch  of  disturbance  there  were  Jong 
intervals  of  repose,  during  which  the  beds  of  mag- 
nesian  limestone  and  muscliel-kalk,  were  deposited  in 
pertain  situations. 
'  The  operation  of  mechanical  causes  are  obvious 

almost  all  sandstone  rocks,  and  beds  of  conglome- 

te;  and  the  experiments  of  Sir  James  Hall  prove, 
tliat  beds  of  loose  sand  may  be  agglutinated  into 
sandstone,  if  permeated  by  steam  iiom  saline  water 
at  a  high  temperature.  With  respect  to  beds  of 
clay,  tlieir  formation  by  sedimentary  deposition  will 
nM.  be  doubted  ;  but  we  are  not  certain  tliat  in  some 
instances,  the  matter  may  not  have  been  ejected  by 
submarine  mud  volcanoes,  containing  the  sulphur, 
iron,  and  saline  matter,  in  which  several  of  these 
beds  abound. 

One  of  the  most  interesting  circumstances  attend- 
ing the  secondary  strata  is,  the  convincing  evidence 
they  aftbrd.  tliat  at  diflcrent  periods  of  tiieir  tbrniatiou 
tJie  earth  had  extensive  tracts  of  dry  land,  eithei" 
islands  or  continent<i;  for  though  the  prevailing 
character  of  the  secondary  strata  is  that  of  marine 
beds,  yet  we  find  bmong  them,  beds  containing 
exclusively  ficsliwater  sliells,  and  also  terrestrial 
aDd  marsh  plants,  and  in  almost  all  the  secondary 
X  2 


50S  PROGRESI^IVE  DXVBLOPEMENT 

9trlita  (except  chalk),  though  the  organic  remains 
may  be  chiefly  marine,  we  find  remains  of  some  fresb* 
water  animal,  or  terrestrial  plant,  which  were  prai 
bably  brought  by  rivers  from  the  land,  and  floated 
into  the  ancient  ocean.  We  have,  beside  the  above 
evidence,  the  regular  coal  strata,  3000  feet  or  more  in 
thickness,  abounding  in  terrestrial  plants.  We  have 
also  a  great  thickness  of  freshwater  strata  in  some 
part  of  the  oolite  formation,  and  again  the  Wealden 
strata,  more  than  a  thousand  feet  in  thickness^  appear 
to  have  been  deposited  in  a  freshwater  estuary  or 
fiver,  which  would  require  a  large  continent  of  dry 
land  for  its  formation.  Now,  it  is  remarkable,  that,  in 
til  the  above  beds,  we  do  not  And  a  single  bone  of 
any  large  mammiferous  land  quadruped,  nor  even  of 
the  smallest  species,  except  in  the  anomalous  instance 
^f  Stonesfield. 

-  To  maintain  that  such  bones  not  having  been 
discovered,  is  no  evidence  that  they  may  not  exist, 
lippears  to  me  to  be  making  a  retrograde  step  in 
science.  It  is  true,  that  **  the  bottom  of  the  sea 
lias  not  been  dredged,'' to  discover  what  specie*  of 
aliimah  have  existed  in  former  ages:  the  geologist, 
however,  can  have  no  need  of  such  an  operatioti,  for 
the  land  beneath  the  former  sea  has  been  laid  bare, 
and  is  now  exposed  over  an  extent  equal  to  that  of 
all  the  habitable  parts  of  the  globe.  Every  island 
and  continent  has  formed  part  of  an  ancient  bed  of 
the  ocean,  and  that  not  once,  but  repeatedly.  This 
extended  surface  of  the  ancient  bed,  is  exposed  to 
the  examination  of  thousands  of  observers,  in  every 
•degree  of  latitude  not  covered  by  polar  snowsw  The 
•absence  of  remains  of  the  higher  orders  of  animals 
in  all  the  secondary  strata,  and  the  frequent  recur- 
rence of  these  remains  in  the  more  recent  or  tertiary 
strata,  appears  to  afford  presumptive  evidence,  amount- 
ing almost  to  certainty,  that  the  higher  orders  did 
not  exist,  at  least  in  the  northern  hemisphere,  till  an 
epoch  subsequent  to  the  deposition  of  all  the  second- 
'ary  formations. 
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■  When  we  ascend  to  the  strata  deposited  at  a  later 
period  than  chalk,  we  find  a  remarkable  change  in 
the  character  of  the  organic  remains.  The  ammonites, 
and  other  ciianibered  shells,  which  are  so  iiumeious  in 
the  secondary  strata,  disappear  entirely  in  the  tertiary 
strata,  except  the  (bssil  nautilus,  wliicli  is  occasionaJly 
found  in  these  strata ;  and  the  animal  now  exists  as  a 
living  species  in  the  Indian  Ocean.  The  enormous 
lizards,  antt'aninials  allied  to  the  lizard  and  crocodile, 
whose  bones  abound  in  the  secondary  strata,  JVoni  lias 
to  chalk,  disappear  also  in  the  tertiary  strata,  with  the 
rare  exception  of  a  small  species  of  crocodile ; — a  fact 
which  indicates,  that  animals  of  this  order  ceased  to 
be  inhabitants  of  northern  latitudes  when  tlie  tertiary 
strata  were  deposited.  In  the  tertiary  strata,  the 
place  of  tliesc  enormous  reptiles  is  occupied  by  the 
remains  of  the  higher  order  of  terrestrial  mammalia, 
but  belonging  to  genera  or  species  now  extinct;  the 
gigantic  mastodon,  the  maramoth,  and  magatherium, 
rivalled  in  magnitude  the  enormous  reptiles  of  a 
more  ancient  world.  Other  species  of  mammalia  of 
lesser  size,  both  herbivorous  and  carnivorous,  but 
equally  perfect  in  their  organisation  witli  the  land 
quadrupeds  of  the  present  epoch,  have  leil  their 
bones  in  many  of  the  tertiary  beds.  Here  we  may 
■;8top;  for  we  approach  to  a  period  connected  with 
f.ihe  present  order  of  things,  a  period  immediately  pre- 
iceding  that  mysterious  operation  of  divine  power  and 
intelligence,  the  creation  of  man. 

The  doctrine  of  the  prt^ressive  developement  of 
organic  life  here  briefly  stated,  has  been  recently 
opposed  by  highly  ingenious  arguments,  which 
display  the  great  talents  and  ability  of  the  author, 
but  which,  in  my  opinion,  do  not  invalidate  the 
trutli  of  the  doctrine, — a  doctrine,  however,  that, 
like  almost  all  general  conclusions,  requires  to  be 
admitted  with  certain  limitations  and  restrictions. 
Every  instance  hitherto  adduced,  of  bones  of  the 
higher  orders  of  animals  being  found  in  ancient 
secondary  strata,  have  proved,  on  accurate  exainjn- 
—  X  3 
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ation,  to  be  fallacious.  An  instance  of  this  kind 
came  under  my  observation,  when  on  a  visit  to  my 
native  town,  Nottingham,  in  1831.  A  medicat  gentle- 
man showed  me  the  portion  of  the  thigh-bone  of 
an  ox,  which  he  had  treasured  with  great  care,  as  it 
was  obtained  from  a  deep  excavation  on  the  side  of  a 
hill  of  sandstone,  near  Nottingham.  As  this  sandstone 
belongs  to  the  more  ancient  of  the  secondary  strata, 
the  red  sandstone  and  marl  (see  Chap  XT.),  and  as 
the  bone  was  placed  deep  under  the  surface,  and  die 
workmen  declared  there  was  no  fissure  or  opening 
near  to  where  the  bone  was  found,  the  specimen  was 
regarded  as  affording  a  remarkable  exception  to  a 
general  law  in  geology.  Knowing  from  the  structure 
of  the  rock,  that  it  is  almost  every  where  intersected 
by  deep  vertical  fissures,  I  was  persuaded  that  the 
true  position  of  the  bone,  had  not  been  correctly 
stated  by  the  workmen ;  and,  on  carefully  examining 
the  cave,  a  deep  fissure,  extending  to  the  surface,  was 
discovered  close  to  the  situation  where  the  bone  i^as 
found.  There  can  be  no  doubt  that  the  bone  had 
fallen  into  this  fissure,  and  was  thus  introduced  into 
a  lower  stratum  of  sand  rock. 

When  we  consider  the  violent  convulsions  and 
overturnings  to  which  the  crust  of  the  globe  has  been 
subjected,  it  is  truly  surprising  that  remains  of  the 
higner  orders  of  animals  should  not  have  been  fre- 
quently buried  in  the  lower  ancient  strata,  if  they  had 
previously  existed.  Perhaps  the  bones  of  small  ter- 
restrial animals  in  the  calcareous  slate  of  Stonesfield 
may  have  been  carried  thither  by  subterranean  streams 
of  water  during  the  tertiary  epoch ;  as  such  under- 
ground streams  and  rivers  are  of  frequent  occurrence 
in  many  limestone  countries. 

In  the  long  ages  of  change  and  disturbance,  during 
which  the  solid  surface  of  our  planet  was  approaching 
to  its  present  state,  we  may  reasonably  believe  that 
the  earth  was  not  fitted  to  be  the  residence  of  man 
and  the  higher  order  of  animals.  Even  those  geo- 
logists who  deny  the  progressive  developement  of 
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MWganic  life,  admit  that  man  is  a  recent  inhabitant 
of  the  globe  ;  but  if,  as  lliey  maintain,  the  essential 
conditions  of  tlie  eartli  have  been  the  same  as  at 
present,  during  an  indefinite  series  of  ages;  if  the 
same  causes  have  always  been  in  operation,  without 
any  increased  intensity  of  action  ;  if  the  eartli,  from 
tlic  remotest  imaginable  epoch,  had  islands  and  con. 
tinents,  rivers  and  seas,  enjoying  a  similar  tempera, 
ture  to  the  present,  though  placed  in  different 
latitudes  :  if  such,  I  repeat,  were,  from  the  remotest 
>ch,  the  condition  of  the  globe,  no  assignable 
bason  can  be  imagined  why  it  might  not  have  been 
bhabitetl  by  man.  —  If  tlie  same  changes  were  only 
liing  place  as  we  observe  at  present,  or  even  sup- 
wing  them  to  be  more  extensive  in  their  operation, 
t  tlie  human  race  might  still  have  flourished  in 

"  Some  safe  retreat  in  depth  of  woods  embraced, 
**  Some  happj  island  in  the  watery  waste." 

,t  the  more  ancient  strata  present  evidence  of 
«rwhelming  changes  and  migtity  convulsions,  that 
_  ive  elevated  mountain  ranges,  and  broken  the  solid 
crust  of  the  globe,  and  scattered  the  fragments  In 
every  direction,  during  these  epochs  of  disturbance, 
neither  the  earth  nor  tiie  atmosphere  could  be  fitted 
"  T  the  residence  of  man,  or  the  higher  order  of 
limals^  nor  do  we  find,  among  the  secondary  strata 
it  have  once  been  dry  land,  any  remains  of  its 
ibrmer  inhabitants,  except  the  bones  of  enormous 
rcpliles. 

Though  man  and  the  higher  orders  of  animals 
lild  not  exist  during  an  epoch  of  universal  dis- 
irbance,  yet  we  can  discover  no  reason  why  many 
^  ;ncra  and  species,  ])articularly  of  marine  animals, 
that  have  formerly  existed,  should  be  now  ex- 
tinct, unless  a  change  have  taken  place  in  the 
temperature  of  tiie  globe.  Indeed,  it  is  found  that 
imany  genera  and  species,  which  are  only  discovered 
"  a  fossil  state  in  Europe,  still  inhabit  the  seas  of 
•pical  climates,  and  some  species  that  were  supposed 
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to  be  entirely  extinct,  htve  -  recent!  j  been  dis^fcovered 
Hving  in  southern  latitudes.  More  importailt  dis^ 
coveries  of  this  kind  may  probably  be  made,  as  we 
know  little  respecting  the  state  of  animal  ezistenoe 

at  the  bottom  of  the  sea,  or  what  monsters  '    r^ 

•  •  •  >> 

""  The  deep  unfathom'd  caves  of  ocean  bear.** 
*'  £t  quae  Hiarmoreo  fert  monstra  sub  aequore  pontus."     ,  ,  j  | 

I  am  inclined  to  believe,  that  the  ichtfayosaunis,-od 
some  species  of  a  similar  genus,  is  still  existtiig'.iii 
the  present  seas.  About  sixteen  years  since,  a  lac^ 
animal  was  seen  for  several  summers  in  the  Atlaotici 
near  the  coast  of  the  United  States,  and  was  <!alled 
the  gveat  sea  serpent.  Its  appearance  was  frequentijf 
^QOUDced  in  the  pubHc  journals,  but  the  exisCttlics 
of  the  animal'  was  for  some  time  disbelieved  io  J:Ih8 
Qountry^  I  am  inform/^d  by  Professor  SilKmanxiAi* 
Yale  College,  Connecticut,  of  whom  I  made  enquiry^ 
that  many  persons  who  attested  the  existence  c^'>  ma 
fliea  serpent  from  their  own  observations,  werei^>fo 
highly  respectablei  both  for  intelligence  and  veracity^ 
that  their  evidence  could  not  be  disputed. 

I  remember  one  of  the  most  particular  description^ 
of  the  sea  serpent  was  given  by  an  American  captain, 
who  saw  the  animal  raise  a  large  portion  of  its  body 
from  the  water:  he  represented  it  as  of  great  length, 
and  about  the  bulk  of  a  large  water  cask;   it  had 

})addles  somewhat  like  a  turtle,  and  enormous  jaws 
ike  the  crocodile.  This  description  certainly  ap- 
proaches to,  or  may  be  said  to  correspond  with,  the 
ichthyosaurus,  of  which  animal  the  captain  had  pro- 
bably never  heard.  An  animal  of  the  magnitude 
attributed  to  the  sea  serpent  would  certainly  require 
paddles  or  fins  to  impel  it  swiftly  through  the  water. 
I  very  much  regret  that  I  am  unable  to  refer  to  the 
American  paper  from  which  the  account  was  taken, 
and  must  be  content  to  direct  the  attention  of  future 
observers  to  the  above  statement,  should  the  sea 
serpent  again,  appear  in  the  Atlantic  Ocean. 

In  the  memoir  and  correspondence  of  the  late  Sir 
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James  Edward  Smith,  just  published,  there  is  a  letter 
from  Dr.  Groodenough,  Bishop  of  Carlisle,  referring 
to  the  American  sea  serpent,  from  which  the  follow* 
ing  passage  is  extracted  :  — *  <<  The  famous  American 
serpent  is  at  length  ascertained  to  be  no  fiction.  It 
seems  that  there  has  always  been  a  rumour  of  this 
animal:  Aldrovandus  mentions  it  among  others. 
However,  it  has  never  been  caught  and  described.  It 
has  DOW  been  seen  by  three  hundred  people  at  once, 
nd  Jiopes  are  entertained  that  ere  long  this  will  ba 
triun.  It  is  of  immense  length  and  size.'*  —  Nov. 
1819L 

l/i  (Cannot  conclude  these  brief  observations  on  the 
ptogresfiive  developement  of  organic  life  on  our  planet^ 
without  remarking,  that  if  man  were  recently  created, 
aa :  geologists  generally  maintain,  this  eircrnnsftatade 
alone  iffi>rds  strong  presumptive  evidence,  to  those 
who  admit  the  doctrine  of  final  causes,  and  of  a  pre- 
ttding  intelligence,  that  the  ancient  condition  of  th^ 
globe,  and  the  chaises  then  in  operation,  were  ^  very 
difierent  from  what  we  observe  at  present ;  or,  iti 
other  words,  that  the  world  was  not  then  prepared 
faytfae  Creator  for  the  residence  of  man. 
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CHAP.  XVL 

ON    THE   LOWER    OR    MORE    ANCIENT   TERTIARY 

STRATA. 

Formation  of  Tertiary  Strata  in  Lakes  or  Inland  Seas.  <—  Lakes  of 
North  America.  —  FiJls  of  Niagara.  —  Altematioos  of  Marine 
and  Fre^water  Strata.  —  Arrangement  of  the  Tertiary  Strata 
in  the  Paris  Basin.  —  Plastic  Clay  and  London  Clay.  —  GeoljMy 
of  the  lo*»^er  Vale  of  the  Thames.  —  Remains  of  Crocodues 
and  the  Nautilus  in  London  Clay.  —  Molasse  of  Alpnacb  im 
Switzerland,  with  Coal  and  Teeth  of  the  Mastodon.  — r  CaUmre 
Gro8$iery  or  Coarse  Limestone  of  the  Paris  Basin,  supposed  to  l^ 
of  the  same  Age  as  the  London  Clay.  —  Calccdre  Siliceux.  — 
Gypsum  and  Gypseoas  Marl  of  the  Paris  Basin,  containing^ 
Bones  of  numerous  extinct  Species  of  Land  Quadrupeds.  -^ 
Remarks  on  their  Discoveir  and  Organisation  by  Baron  Cuvier. 
—  Marine  Sandstone ^lill8tone.  —  Upper  Freshwater  Form- 
ation. —  Tertiary  Strata  in  the  Isle  of  Wight.  —  Crag  of  Nor- 
folk, its  true  Geological  Position  not  determined.  —  Clii&  of 
Brighton. 


The  name  of  tertiary  has  been  given  vnth  much  propriety  to  all  the 
sinUa  that  are  more  recent  than  the  secondary;  the  term  is  intel" 
Ugihle,  and  ought  not  to  be  changed  without  sufficient  reason ;  the 
introduction  cf  new  names  in  science  serves  only  to  perplex  the  siu^ 
dent,  and  is  attended  witli  no  advantage.  The  name  of  super- 
cretaceous,  which  has  recently  been  applied  to  the  tertiary  strata,  is 
peculiarly  inappropriate,  as  these  strata  may  cover  any  of  the  lower 
rochs,  and  in  Auvergne  they  may  be  seen  resting  on  granite*  Jf 
a  new  name  were  necessary,  post-cretaceous  should  have  been  chosen  ; 
as  all  geologists  are  agreed,  that  the  tertiary  strata  were  deposited  c^ier 
chalk. 

The  tertiary  formations  comprise  all  the  regular 
strata  of  limestone,  marl,  clay,  and  sandstone,  that 
have  been  deposited  after  chalk.  It  is  only  since 
the  commencement  of  the  present  century  that  they 
have  attracted  the  notice  of  geologists  :  their  true 
nature  was  before  unknown,  or  they  were  supposed  to 
be  local  and  alluvial  depositions.  It  is  now  dis- 
'^red  that  tertiary  formations  are  widely  spread 
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over  many  parts  of  the  globe,   and  are   often   of 
considerable  thickness. 

The  first  circumstance  which  proved  that  the 
tertiary  beds  were  distinct  from  the  secondary,  was 
the  discovery  that  many  of  these  beds  contain  the 
bones  of  the  higher  order  of  animals,  as  perfect  in 
their  organisation  as  any  of  the  existing  species  of 
land  quadrupeds.  The  tertiary  beds  were  farther 
remarkable,  for  presenting  frequent  alternations  of 
beds  containing  tne  remains  of  marine  animals,  with 
other  beds  that  contain  exclusively  the  remains  of  land 
animals,  and  plants,  and  freshwater  shells:  hence  the 
latter  beds  were  denominated  freshwater  formations. 
A  more  accurate  examination  of  the  secondary  strata 
has  since  discovered,  that  freshwater  formations  occur 
also  among  the  more  ancient  strata,  but  their  cha- 
racters are  not  so  distinctly  marked.  When  the  first 
edition  of  this  work  was  published,  viz.  early  in  1813, 
the  name  of  freshwater  formations  was  scarcely  known 
in  England,  but  the  author  ventured  to  offer  an 
explanation  of  their  formation,  from  what  is  now 
taking  place  in  extensive  lakes :  a  similar  explanation 
has  since  been  generally  adopted.  "  The  lakes  of 
North  America  are  seas  of  fresh  water,  more  than 
1500  miles  in  circuit ;  they  are  placed  at  a  consider- 
able elevation  above  tlie  Atlantic,  and  at  different 
levels.  They  unite  by  small  straits  or  rivers, 
which  have  a  rapid  descent  On  some  of  the  rivers 
are  prodigious  waterfalls,  which  are  continually  en- 
larging and  deepening  the  passage  from  one  to  the 
other;  and  will  ultimately  effect  the  drainage  of 
the  upper  lakes.  The  falls  of  Niagara  are  well 
known;  the  water  is  divided  by  a  small  island, 
which  separates  the  river  into  two  cataracts,  one 
of  which  is  600  yards,  and  the  other  350  yards 
wide:  the  height  of  the  fall  is  from  14-0  to  160 
feet  deep.  It  is  estimated  that  670,000  tons  of 
water  are  dashed  every  minute  with  inconceivable 
force  against  the  bottom,  and  wearing  down  the 
adjacent  rocks.     Since  the  banks  of  the  cataract 
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vrere  inhabited  by  Europeans,  they  have  obseived 
that  it  is  progressively  shortening  the  distance  cf 
the  falls  from  Lake  Erie.  When  it  has  worn  down 
the  intervening  calcareous  rocks,  the  upper  lake  ¥dH 
become  dry  land,  and  form  an  extensive  plain  ot 
valley,  surrounded  by  rising  ground,  and  watered  by 

*  a  river  or  smaller  lake,  which  will  occupy  the  lowest 
part.  In  this  plaiuy  future  geologists  may  trea 
successix^e  strata  qfjreshwater  Jbrmatiorij  covering 
the  subjacent  ancient  limestone.  The  gradual  depoh. 
sition  of  minute  earthy  particles^  or  the  more  rapid 
subsidence  qf  mud  from  sudden  inundations^  tcill^^rm 
distinct  beds^  in  which  will  be  found  the  remains,  qf 

freshwater  fsh,  vegetables^  and  quadrupeds.^' ^^--lit 
edition,  181S,  pp.  182,  183.  -  ,<( 

.<  In  the  frontispiece  to  the  present  volume  will  be 
Been  a  bird's-eye  view,  or  map  of  the  country  round 
Niagara^  drawn  by  my  eldest  son,  who  piassed  seveiral 
days  at  the  falls  of  Niagara  in  1830.  In  this  drawing 
the  accurate  proportion  of  distance  is  disregarded,  in 
order  to  bring  the  several  objects  into  one  point  of 
view.  The  deep  chasm  formed  by  the  cataract  is 
seen  in  front,  from  which  the  water  is  issuing  into  a 
lower  country  at  Lewis  Town,  nearly  on  a  level  With 
Lake  Ontario,  into  which  the  river  flows.  Mr.  Joseph 
Henry,  in  a  topographical  sketch  of  the  state  of  New 
York,  says,  "  The  descent  of  the  country  from  Lake 
Erie  to  Ontario  is  principally  by  a  step,  not  at  the 
falls,  but  at  Lewis  Town,  several  miles  below :"  this  is 
the  position  from  which  the  drawing  in  the  frontis- 
piece was  taken.  Mr.  H.  adds,  "  In  viewing  the 
position  of  the  falls,  and  the  features  of  the  country 
round,  it  is  impossible  not  to  be  impressed  with  the 
idea,  that  this  great  natural  race-way  has  been 
formed  by  the  continued  action  of  the  irresistible 
current  of  the  Niagara,  and  that  the  falls,  beginning 
at  Lewis  Town,  have,  in  the  course  of  ages,  worn 
back  the  rocky  strata  to  their  present  site.  The 
deep  chasm  through  which  the  Niagara  passes,  be- 
low the  falls,    is  nearly  a    mile  wide,    with  almost 
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perfect  mural  sides/*  —  Transactions  of  the  Albany 
Institute. 

In  Mr.  Loudon's  Magazine  of  Natural  History, 
March,  1830,  there  is  an  account  of  the  falls  of 
Niagara,  and  of  the  physical  structure  of  the  ad* 
jacent  country,  by  my  son,  Robert  Bakewell,  junior.  I 
jwcferred  making  the  above  extract  from  Mr.  Henry's 
description,  as  it  confirms  the  general  accuracy  of 
the  drawing  in  the  frontispiece.  Below  will  be  seen 
8  statement  of  the  levels  and  the  extent  of  the  North 
American  lakes.  •  These  lakes  may  justly  be  styled 
seas  of  fresh  water.  Though  their  present  surface  is 
Considerably  elevated  above  the  level  of  the  ocean, 
the  bottom  of  some  of  the  largest  lakes  is  much 
below  the  tide  line ;  and  were  these  lakes  situated 
nearer  to  the  Atlantic,  we  might  easily  imagine  diat 
after  the  fresh  water  had  subsided  to  the  sea  level, 
€k)Btj  might  be  subject  to  frequent  irruptions  of  salt 
water,  which  woula  produce  a  change  in  the  nature 
of  the  inhabitants  of  these  lakes ;  or,  in  other  words^ 
Would  occasion  alternations  of  marine  with  fresh- 
water strata,  without  any  change  in  the  relative  level 
of  the  land  and  sea. 

.  In  England  and  France,  there  appears  to  have  been 
a' considerable  interval  between  the  deposition  of  the 
chalk,  and  of  the  lowest  beds  of  the  secondary  strata ; 
for  the  surface  of  the  chalk  is  deeply  furrowed  and 
broken,  apparently  by  the  action  of  torrents,  or 
inundations,  and  the  hollows  filled  by  the  tertiary 

*  From  Lake  Erie  to  the  falls  of  Niagara,  the  distance  is  21 
miles.  From  the  falls  to  Lewis  Town,  at  the  mouth  of  the  chasm, 
the  distance  is  7  miles.  From  Lewis  Town  to  Lake  Ontario  the 
distance  is  7  miles. 


Eleyation  aboye 
the  sea. 
Feet. 

Mean 

1 
Lengtli. 

Mean 

depth. 

Miles. 

bradtlu 

Lake  Superior 

.      6H 

900 

300 

80 

Lake  Huron 

-     596 

900 

200 

95 

I<ake  Michigan 

-     600 

900 

300 

50 

Lake  Erie     - 

-     5Q5 

120 

230 

35 

T^ke  Ontario 

-     231 

492 

180 

30 

Total  quantity  of  square  miles  covered  by  the  lakes,  7%930. 


318       TERTIARY  STRATA  ROUND  PARIS. 

beds.  In  some  parts  of  the  Continent,  however,  the 
line  of  separation  between  the  secondary  and  tertianr 
strata  is  not  so  distinctly  marked,  and  they  are  both 
elevated  together  conformably. 

The 'tertiary  strata  form  the  outer  crust  of  the 
globe,  and  have  every  where  been  subjected  to 
erosion  from  torrents  and  inundations,  that  have 
swept  over  parts  of  its  surface,  and  transported  the 
fragments  into  distant  countries  or  into  the  ocean. 
We  cannot,  from  the  present  localities  of  the  upper 
strata,  determine,  with  any  precision,  the  boundaries 
of  the  inland  lakes  or  seas  in  which  they  were 
deposited.  Many  of  these  strata  have  evidently 
once  extended  far  beyond  their  present  limits  j  but 
have  been  so  completely  destroyed,  that  we  catf 
only  infer  their  former  existence,  by  a  few  remaiaieg 
detached  portions. 

In  France,  the  tertiary  strata  are  more  widely 
spread,  and  many  of  them  more  fully  developed,  thah 
in  England  :  it  is  indeed  scarcely  possible  to  imagine 
a  more  distinct  display  of  the  series  of  strata  in  any 
class  of  rocks,  than  is  presented  close  to  the  very 
gates  of  Paris.  In  a  capital  so  distinguished  for 
scientific  investigation,  and  possessing  so  many  able 
and  acute  observers,  it  does,  indeed,  seem  extraor* 
dinary,  that  the  strata  with  which  they  were  sur- 
rounded, should  never  have  been  properly  examined 
until  so  recent  a  period,  as  the  early  part  of  the 
present  century.  What  is  daily  before  our  eyes 
seldom  excites  attention,  or  is  deemed  deserving  of 
much  notice;  but  there  was  another  cause  which  long 
prevented  the  philosophers  of  Paris  from  observing 
the  remarkable  objects  around  them.  Captivated 
with  the  generalisations  of  Werner,  who,  it  was  firmly 
believed,  had  unlocked  all  the  hidden  mysteries  of 
geology,  and  comprised  in  his  system  all  the  different 
formations  that  composed  the  crust  of  the  globe,  they 
saw  before  them  a  series  of  strata  which  had  no 
agreement  with  any  part  of  the  Wernerian  classifica- 
tion J  hence  they  could  not  avoid  the  painful  persua- 
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sion,  either  that  the  system  of  Werner  was  incomplete, 
or  that  they  were  unable  to  apply  it  properly.  To 
avoid  an  acknowledgment  So  little  satisnictoiy,  the 
geologists  of  Paris  averted  their  attention,  and  that 
of  their  pupils,  from  nearer  objects,  and  directed 
tiiem  to  the  mountains  of  Germany  or  Switzerland. 
Had  not  another  science  (comparative  anatomy)  come 
to  the  aid  of  geology,  we  might  yet  have  remained 
unacquainted  with  the  tertiary  strata  around  Paris. 
At  length,  the  number  of  skeletons  of  strange  and 
unknown  animals  discovered  in  some  of  the  strata* 
forcibly  attracted  the  notice  of  that  distinguished 
naturalist,  Cuvier,  and  it  was  resolved  to  investigate 
attentively  the  geology  of  the  whole  district.  MT  A. 
Brongniart  was  associated  with  Cuvier  in  the  in* 
vmtigation;  and  in  1811  the  result  of  their  labours 
and  observations  was  given  in  a  work  entitled  Essai 
«rr  la  Geographie  Mineralogique  des  Environs  de 
P^virV,  *— •  the  most  luminous  and  interesting  exposi- 
tion of  local  geology  ever  presented  to  the  world ; 
and  from  this  period  we  may  date  the  first  accurate 
knowledge  of  the  tertiary  strata. 

The  following  extract  from  the  Essay  of  MM. 
Cuvier  and  Brongniart,  presents  a  general  view  of 
the  arrangement  of  the  strata  round  Paris :  ^- 

**  The  country  in  which  the  capital  of  France  is 
situated,  is  perhaps  the  fnost  remarkable  that  has  yet 
been  observed,  both  from  the  succession  of  different 
soils  of  which  it  is  formed,  and  from  the  extraordinary 
organic  remains  which  it  contains.  Millions  of  marine 
shells,  which  alternate  regularly  with  freshwater  shells, 
compose  the  principal  mass.  Bones  of  land  animals, 
of  which  the  genera  are  entirely  unknown,  are  found 
in  certain  parts;  other  bones  remarkable  for  their 
vast  size,  and  of  which  some  of  similar  genera  (jjueU 
ques  congencres)  exist  only  in  distant  countries,  are 
found  scattered  in  the  upper  beds.  A  marked  cha- 
racter of  a  great  irruption  from  the  south-east  is  im- 
pressed on  the  summits  {caps)^  and  in  the  direction 
of  the  principal  hills.     In  one  word,  no  country  can 
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afford  more  instruction  respecting  the  last  revolatiooi^ 
which  have  terminated  the  formation  of  the  present 
continents/* 

Though  chalk  is  the  foundation  rock  of  the  countiy, 
for  a  considerable  extent  round  Paris,  it  only  rises  to 
the  surface  in  a  few  situations,  being  covered  by  ter- 
tiary strata.  The  total  thickness  of  the  tertiary  strata 
over  the  chalk,  as  given  in  an  ideal  section  of  the 
country,  is  nearly  five  hundred  feet.* 

Many  of  the  tertiary  beds  in  the  Paris  basin  are 
not  found  elsewhere,  and  therefore  cannot  be  taken 
as  types  of  other  tertiary  formations ;  and  the  lower 
bed,  called  the  plastic  clay,  is  but  very  imperfectl|r 
developed  near  Paris.  In  attempting  to  generalise 
the  tertiary  formations,  a  difficulty  presents  itsd^  if 
we  are  to  class  them  by  their  zoological  characters^ 
for  some  of  the  formations,  which  contain  exclusivetf 
the  remains  of  marine  animals  in  certain  situations, 
contain  in  other  situations  river  or  lake  shells,  with 
wood  and  the  bones  of  land  animals.  It  is,  tUev^ 
fore,  probable,  that  while  the  waters  in  one  lake  or 
basin  might  be  saline,  those  in  another  lake  mijght  be 
fresh ;  and  two  cotemporaneous  formations  may  iifnce 
contain  very  different  organic  remains. 

The  tertiary  strata  in  England  and  in  the  north  q£ 


*  The  following  ascending  series  of  beds  in  the  Paris  basin 
first  given  as  a  correct  account  of  their  succession :  more  extended 
observations  have  proved  that  the  position  of  No.  %  or  d^ 
Calcaire  siliceux,  is  higher  in  the  series. 

1.  Plastic  Clay  and  Lower  Sand. 

2.  Calcaire  grossier. 

3.  Calcaire  siliceux  and  Sandstone. 

4.  Gypseous  Marl. 
Gypsum  with  Bones. 
Upper  gypseous  Marl. 

5.  Sandstone  and  Sand  without  Shells. 
Upper  Marine  Sandstone. 
Millstone  without  Shells. 

6.  Freshwater  Limestone,  including  Marls,  and  Millstoney  wilh 

freshwater  Shelb. 
7*  Alluvial  Soil,  ancient  and  modem,  including  Pebbles,  Pud- 
ding-stone, Black  Eartli  (les  mames  argUUusei  twires\  and 
Peat.  . . 
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France^  may  be  arranged  under  four  divisions,  which 
are  given  below:  after  describing  these,  the  more 
recent  tertiary  strata,  called  by  some  French  geolo* 

g'sts-  Quaternary,  will  be  noticed  in  the  following 
hapten 

TERTIARY    FORMATIONS. 
«     T  ^.»^.  lui^^:^^  u,>  J-  J  Sometimes   intermixed  with 

1.  Lower  Marine  Beds,     .|    freshwater  bed*,  . 

a  Argillaceous  and  Sandy  de-1  j^.  ^y.    {,^4i,d^^  a 

posits,  Plastic  Clay,  Sand,  1^7?^.,^  ^^^  ferfcore*  a 
UidonClay         -  J     ^"^"^^ 

b  Lower  Marine  Limestone    -     Calcaire  grottier, 

t.  Lower  Freshwater  Beds.  { ^"^^  intemixed  wid. 

a  Marl. 
b  Oypaum. 

^  Upper  Marine  Formation. 

•  Sand*  Sandstone  and  Millstone  without  Shells. 
b  Sandstone  with  Shells. 

4b  Uppet  Freshwater  Formation. 

a  Limestone 

b  Siliceous  Millstone  - 


I  With  freshwater  Shells. 


The  tertiary  strata  supposed  to  be  more  recent, 
and  called  Quaternary,  are  nowhere  observed  cover- 
ing the  above  formations,  because  they  were  de- 
posited in  detached  seas  or  lakes:  the  evidence  of 
these  being  more  recent  than  the  strata  in  the  Paris 
•nd  London  basins,  rests  on  the  species  of  shells  they 
contain,  being  in  a  large  proportion  analogous  to  ex* 
isting  species. 

Plastic  Clay  and  London  Clay.  —  These,  with  the 
various  associated  beds  of  sand,  may  properly  be  re- 
garded as  one  formation,  of  which  the  plastic  clay  is 
the  lowest  member  resting  on  chalk.  Near  Paris  the 
plastic  clay  is  a  very  thin  bed ;  but  in  the  south  of 
France  it  acquires  a  great  degree  of  thickness,  and 
appears  to  comprise  the  upper  argillaceous  beds,  or 
what  we  call  the  London  clay :  it  is  remarkable  for 
the  vegetable  fossils  and  beds  of  lignite,  which  it  fre- 
quently, but  not  invariably,  contains.     In  England, 
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in  the  lower  beds  of  this  fbrmation^  there  are  ibimd 
beds  of  imperfect  wrood  coal;  but  both  in  the. plastic 
clay  and  the  London  clay,  remains  of  marine  animal9 
^re  chiefly  prevalent,  though  intermixed  with  aonvs 
freshwater  shells ;  whereas,  on  the  Continent,  b^dide 
the  great  quantities  of  fossil  wood  and  wood  coal  found 
in  the  same  argillaceous  beds,  there  are  num^OMl 
remains  of  freshwater  shells,  which  render  their  ti^fi 
to  be  denominated  marine  formations  more  timfk 
doubtful.  The  beds  of  sand  are  sometimes  of  octx^ 
siderable  thickness.  By  many  geologists  it  is  Qiatoir 
tained  that  the  beds  of  sofl  sandstone  (cMed  Molas^^ 
and  of  sandstone  conglomerate  (called  Nagel^Wifm 
Switzerland),  belong  to  this  part  of  the  tertiary  fiftn- 
ation&  That  some  of  these  beds  may  be  tertiat}r(j[ 
will  not  deny ;  but  I  am  fully  convinced,  that  mmjf 
beds  called  molasse,  in  Savoy,  are  covered  by  the  Juii 
limestone  and  oolites,  having  repeatedly  seen  theti 
in  contact,  and  got  specimens  from  each  bed  atliki^ 
line  of  junction.*       ■  ^         .  -., 

]■••  .     •      •  . 

*  As  the  opinions  of  geologists  have  been  much  divided  respect- 
ing the  molasse,  or  soft  sandstone,  of  Switzerland  and  Savoy,  I 
shall  here  insert  some  observations  upon  it,  given  in  the  first 
volume  of  my  Travels  in  the  Tarentaise. 

"  The  outer  calcareous  mountains  on  the  western  Me  of  Savoys 
all  rest  upon  an  immense  formation  of  soft  sandstone  (molasn^ 
and  are  interstratified  with  it ;  and,  so  far  from  this  sandstone  beaj^ 
more  recent  than  the  limestone  (as  Saussure  supposed),  it  coDstltotes 
a  considerable  part  of  the  bulk  of  these  mountains  that  are  odM 
<^careou8.  In  the  Valley  of  les  Echelles,  the  immediate  jundion*  of 
the  limestone  with  the  sandstone  may  be  seen  soon  aftor  entertog 
the  valley  form  the  archway.  This  vast  wall  of  limestone,  nearly  one 
thousand  feet  in  thickness,  rests  upon  a  mass  of  sandstone  of  un^ 
known  depth :  there  is  very  little  dip  where  the  first  junction  is 
seen,  but  about  a  mile  below,  you  meet  with  the  limestone  again  ia 
conjunction  witli  the  sandstone,  and  thrown  into  a  vertical  posi- 
tion. The  workmen  that  I  met  with  near  the  mouth  of  the  eallery 
said  they  always  found  sandstone  below  the  limestone,  and  they 
cdfisidered  it  as  the  lowest  bed  in  the  country:  but  this  is  obviously 
a  mistake.  The  sandstone,  or  molasse,  on  which  the  limestone  in 
this  part  of  Savoy  reposes,  or  which  is  subordinate  to  the  lime- 
stone, is  composed  of  smallish  grains  of  quartz  and  chlorite,  pretty 
equally  mixed.  In  the  sandstone  of  les  Echelles,  which  I  gotfttim 
its  junction  with  the  limestone,   there  were  some  particles  of.  rose 
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The  bones  of  horses,  with  the  tooth  of  an  elephant* 
have  been  found  in  a  bed  of  uncttroita  clay,  resting 
on  chalk,  near  Margate ;  but  i(«  the  clay  is  superficial, 
it  may  he  a  diluvial  formation. 

In  France,  near  d'Aiiteuil,  and  south  of  the  Dor- 
dogne,  according  to  Humboldt,  bones  of  vertebrated 
land  animaU  are  tbund  in  a  formation  renting  on  chalk, 
analogous  to  the  plastic  clay.  Baron  Cuvier  says, 
however,  that  he  has  not  discovered  the  bones  of  land 
quadrupeds  in  any  strata  l)elow  the  calcaire  grassier 
which  covers  the  plastic  clay.  But  neither  the  phistic 
clay  Tior  the  gypsum  beds  of  Paris  cjin  be  taken  as 
types  of  the  tertiary  strata  in  other  countries. 

The  Loudon  clay  is  placed  over  the  plastic  clay 
and  sand,  and  in,  in  fact,  an  upper  member  of  die 
great  arenaceous  and  argiilaceouH  formation  that 
covers  chalk.  Some  gt-ologists  attempt  to  identify 
the  London  clay  with  the  beds  of  calcaire  grossier, 
and  of  gypsum,  in  the  Paris  basin,  but  tlieir  mineral 
characters  are  most  essentially  difTercnt.  By  attempt- 
ing to  ibice  an  agreement  with  artificial    classitica- 
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■nd  mica.  It  •cralcbed  f(lu«a  ttTongly  wlicn  rubbed  upon  it ; 
Itat  when  put  into  n  dilute  muriatic  acid,  it  efferveHced  violenUy,  and 
became  friable,  owin);  txt  the  utlution  of  the  calcareous  cement  by 
which  it  appears,  trom  this  experiment,  to  be  agglutinated.  Tile 
mokitsv,  which  is  interetrutified  with  limestone  aiid  associated  with 
coal  on  (lie  lake  of  Annecy,  also  efTervesced ;  but,  tlte  particles 
being  antallcr,  it  appeared  nearly  homogeneous  irhen  examined 
without  a  lens.  It  has  been  recently  stated,  that  the  niolasse  of 
the  Alps  belongs  to  the  same  tbrmalion,  as  the  sandstone  atiove 
chalk  near  Paris.  There  may  be  sandstone  of  that  formation  iji  the 
canton  of  13erne ;  but  the  molasse  or  taodstone  ia  this  part  of 
Suvoy,  I  am  well  convinced,  is  a  member  of  formations  that  are 
lower  tlian  chalk.  It  is  possible,  however,  that  beds  of  this  niolasse 
may  have  been  worn  down  during  the  great  destruction  of  the 
strata,  that  has  evidently  taken  place  since  they  were  deposited, 
and  Irom  the  debris  of  this  sandstone,  upper  beds  may  have  b«en 
formed  covering  strata  that  are  above  chalk.  The  molaue  which 
covers  the  bones  and  teeth  of  the  mastodon  and  other  targe  mam- 
malia, near  Alpnueh,  nearly  resembles  Uiai  in  this  part  of  Savoy  ; 
it  the  pariides  are  smaller,  and  more  intimately  niixed."-r  P.  llQ. 
V  2 
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tionS)  where  it  does  not  exist,  we  mystify  what  is  clear 
and  simpki  and  retard  the  progress  of  knowledge. 

The  uppermost  bed  of  the  London  day  is  of  m, 
reddish  brown  colour^and  is  more  arenaceous  thaw 
the  lower  beds :  the  colour  of  the  lower  beds  varies 
from  a  bluish  lead  colour^  to  a  blackish  brown ;  they 
are  often  considerably  indurated,  and  have  somewh^ 
of  a  slaty  structure.  The  thickness  of  the  London 
clay  varies  from  one  hundred  to  four  hundred  feet  4>r 
more:  this  variable  thickness  is  occasioned  by  th(e 
upper  beds  which  form  the  surface  of  the  land  in  tbe 
VsJe  of  Thames,  having  been  more  excavated  in  soiqe 
parts  than  in  others. 

As  the  London  clay  and  plastic  clay  and  ^ainC 
iaken  together,  equal  or  exceed  in  thickness  the  bed0 
of  plastic  clay,  calcaire  grossier,  and  gypsum  in  tb? 
Paris  baflin,  the  London  clay  may  properly  be  re- 
garded not  as  identical  with  the  calcaire  grossier  and 
gypsum,  but  as  their  geological  equivalent  While 
the  beds  of  limestone  and  gypsum  were  depositing  in 
the  Paris  basin,  the  London  clay  might  be  deposited 
in  the  London  basin ;  and  this  may  explain  why 
many  species  of  marine  shells  in  the  London  clay  are 
similar  to  those  found  in  the  calcaire  grossier ;  but 
we  nowhere  discover  the  astonishing  variety  of  ^e** 
cies  that  occAr  in  some  of  the  strata  of  the  calcaire 
grossier ;  nor  have  any  bones  of  land  quadrupeds^ 
similar  to  those  in  the  Paris  basin,  been  found  in  the 
London  clay.  The  two  sides  of  the  trough  or  basin 
in  which  the  London  clay  and  plastic  clay  were  de- 
posited, are  formed  on  the  north,  by  the  range  of 
chalk  hills  in  Hertfordshire  and  the  adjacent  coun* 
ties,  and  on  the  south,  by  the  range  of  chalk  hills  in 
Surrey  and  Kent. 

The  relative  geological  position  of  the  chalk,  the 
plastic  clay  and  sand,  immediately  upon  it,  and  the 
upper  beds  of  London  clay  covering  the  Vale  of 
Thames,  is  represented  in  a  small  section  at  the 
bottom  of  the  map  of  England.  (Plate  VI.)  In 
some  parts  of  the  Vale  of  Thames,  as  at  Hampstead, 
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■  Horth  of  London,  and  near  Cobham  in  Surrey,  the 
London  clay  rises  into  hills  three  hundred  feet  above 
the  Vale  of  Thames,  and  is  capped  by  a  bed  of  sand, 
which  has  received  the  name  of  the  upper  marine 
sand,  a,  a,  chalk,  b,  b,  plastic  clay,  c,  c,  London  clay, 
d,  d,  marine  sand.  From  this  small  section,  the 
geological  student  may  form  some  idea  of  the  de- 
vastating effects  of  mighty  inundations,  which  have 
swept  over  the  surface  of  the  globe,  and  carried 
away  considerable  portions  of  the  upper  beds.  The 
marine  sand,  d,  d,  which  forms  isolated  caps  an 
several  of  the  hills  in  the  Vale  of  Thames  was 
probably  part  of  one  continuous  bed,  which  has  been 
excavated  with  a  portion  of  the  subjacent  London 
clay;  such  excavations  and  denudations  are  common 
phenomena  in  almost  every  country. 

Balls  of  imperfect  ironstone,  called  septmia  {of 
which  Parker's  cement  is  made),  are  common  in 
some  parts  of  the  London  clay;  branches  and  stems 
of  trees,  penetrated  by  the  Teredo  navalis,  are  found 
in  it,  and  a  species  of  resin,  to  which  the  name  of 
retina spkaUum  was  given  by  Mr.  Hatchett.  Remains 
of  turtles  have  been  dug  out  of  this  clay  at  Highgate 
and  Islington.  Some  bones  of  a  crocodile  were 
discovered  by  Mr.  Parkinson,  who  considers  this  as 
a  solitary  instance  o£  the  occurrence  of  the  remains 
of  these  animals  in  the  London  clay.  In  1830,  the 
head  of  a  crocodile  was  found  by  E.  Spencer,  Esq.  of 
Highgate,  in  the  London  clay  in  the  Isleof  Sheppey, 
of  which   the   annexed   cuts  give  a  correct  repre- 


a  front  view  of  the  IicluI,  with  the  two  i5niall  cavil 
ifor  the  lohes  of  tlie  brain,  and  the  larger  cavities*fc. 
the  orbits  of  the  eyes.  The  length  of  the  head, 
when  entire,  and  clothed  with  scales  and  nmsctes, 
must  have  been  about  one  foot ;  hence  we  may  infer, 
that  the  entire  length  of  the  animal  was  about  six 
feet.  Whether  this  was  the  head  of  a  young  animal, 
;or  of  an  adult  of  a  small  species,  cannot,  perhaps, 
.be  determined.  From  the  rare  occurrence  of  the 
bones  of  saurian  animals  in  the  tertiary  strata,  we 
may  infer  that  these  animals  whose  remains  are  so 
abundant,  and  of  such  large  magnitude,  in  the  se- 
condary strata,  had  nearly  disappeared  in  northern 
latitudes,  at  the  epoch  when  tlic  tertiary  strata  wei 
deposited. 

The  teeth  and  tusks  of  elephants  have  been  di 
covered  in  many  situations,  in  what  is  supposed  th~ 
have  been  London  clay,  but  which  may  have  been  a 
covering  of  diluvial  clay  ;  for  the  patches  of  diluvial 
gravel  that  are  spread  over  many  parts  of  the  Vale 
of  Thames,  frequently  contain  the  remains  of  ele- 
phants.'      Ammonites   and    betemnites,    and   many 

■  In  clt;aring  away  the  bed  of  gravel  on  the  north  side  «f  ^ 
Regent's    Park,    the    tuska   of  elephanlB  were   found,   but   i 
nnuld^ing  state,  in  1618- 
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Fjgenera  of  testaceous  animaln,  that  have  lefi  their 
remaiDs  in  chalk  and  the  lower  strata,  appear  to  have 
been  extinct  before  the  deposition  of  the  London 
clay.  Nautilites  are,  Iiowever,  found  in  it,  similar  to 
the  species  inhabiting  the  Indian  Ocean,  and  bivalve 
and  univalve  shells  are  so  numerous,  that  it  would  be 
difficult  to  select  any  particular  species,  as  peculiarly 
'  aracteristic  of  this  tbrmation.  The  shells  mostly 
iplong  to  genera  inhabiting  our  present  seas ;  yet 
"gbt  variations  of  form  may  be  perceived,  which 
&Ve  induced  naturalists  to  regard  tiieni  us  distilKrt 
'■om  living  species. 

The  springs   that   rise  in   the   London  clay  are 

generally    impregnated  witli   sulphate    of  iron    and 

sulphate  of  lime,  and  some  of  the  springs  contain 

wilphate   of  magnesia;     the    quality    of  the    water, 

'"Owever,   varies    much    in    different   simations,   and 

It-  different    depths.      To   obtain    soft    water,    it    is 

"fcessary  to  bore  or  sink  through  the  London  clay 

j(  the  sand  above  tiie  chalk,  and  sometimes  into  the 

ftalk    itself.*      The    London    clay   and    the    under 

"  I  have  been  perforated  to  the  depth  of  thiee  or 

far  hundred  feet  in  some  situations,    before  good 

■ater    could    be    obtained ;    when    the    stratum    is 

pierced  which  holds  the  best  water,  it  rises  almost 

tamediately,  and  sometimes  oveiflows  the  surface. 

Tiis  admits  of  an  easy  explanation,  by  referring  to 

J  section  of  the  Vale  of  Thames.  (Plate  IV.)    Tlie 

'  At  the  village  of  Wilsden,  three  miles  north-west  of  London, 

^  boring  for  water  was  made  two  hundred  and  eighty  feet  into 

e  clay,  and  seventy-five  feet  below  it  into  the  chalk,  when  the 

ter  immediat<;ly  rose  to  within  thirty-five  feet  of  the  surface. 

^ic  rocks,  and  other  calcareous  rocks  in  which  the  strata  are 

itided  by  tisBures  that  are  not  filled  with  day,  always  contain 

'  ifrater  in  the  fissures  when  the  strata  dip  under  tlie  surfece  of  the 

'ound,   or  when  they  are  cohered  by  arglUaceoua  beds,      Tliis  la 

so  the  case  with  coal  strata;  and  the  presence  of  water  is  necessary 

to  keep   the   coal   in  good   condition.     If  the  water  be  enfirrw 

drained  from  a  bed  of  coal  a  considcrabk  time  before  it  is  worked. 


^^Vdraii 


quality  of  the  coal  is  much  deteriorated.  This  may  be  occa- 
ioned  by  air  penetrating  the  tissurcs,  and  promoting  the  decompo- 
Ition  of  pyrites  in  the  coal. 
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water  which  enters  the  edges  of  the  porous  strata, 
say  at  x  x^  descends  to  the  lowest  part  of  the  trough 
or  basin,  and  when  perforated  would  rise  to  near  the 
level  of  X  Xf  were  the  strata  deposited  in  a  circular 
basin,  the  edges  of  which  rose  on  each  side  from  the 
bottom  of  the  Vale  of  Thames ;  but  the  strata  are 
deposited  in  a  longitudinal  basin  or  trough  between 
the  chalk  hills  of  Hertfordshire  and  Surrey,  and  the 
river  Thames  cuts  through  the  porous  edges  of  the 
strata  below  Greenwich ;  so  that  the  water  being  there 
let  out,  can  seldom  rise  in  wells  much  above  the  high- 
water  mark'.  Were  it  not  for  this,  we  might  faftve 
natural  jets  d'eau  of  considerable  height  and  infini- 
tude in  all  the  squares  of  London,  to  cool  and  remsh 
the  air  during  the  summer  months,  and  supply  t^  in- 
habitants in  the  vicinity  with  salubrious  water.  In 
order  to  preserve  the  water  pure,  that  is  obtained  from 
chalk  or  the  sand  over  chalk,  it  is  necessary  to  line 
the  inside  of  wells,  or  to  put  down  tubes,  to  prevent 
the  water  from  the  London  clay,  intermixing  with 
the  pure  water  from  below. 

As  the  plastic  clay  and  London  clay  contain 
wood  coal,  or  lignite,  which  is  supposed  to  be  cha- 
racteristic of  these  beds,  probably  the  strata  with 
wood-coal  at  Alpnach  (see  Chap.  VlIL),  may  be  re- 
garded as  belonging  to  a  similar  epoch.  Some  French 
geologists  would  place  these  strata  still  higher  in  the 
tertiary  series.  The  strata  at  Alpnach  are  peculiarly 
remarkable  for  containing  the  remains  of  the  narrow- 
toothed  mastodon,  and  of  other  mammalia,  at  the 
depth  of  nearly  three  hundred  feet  from  the  surface. 
The  annexed  cut  is  taken  from  a  drawing  of  one  of 
these  teeth  in  the  possession  of  the  late  Professor 
Meisner,  of  Berne,  who  also  gave  me  specimens  of 
the  strata  below  which  the  tooth  was  found. 

It  is  desen'^ing  notice,  that  teeth  almost  exactly 
similar  were  found  on  the  volcano  of  Imbaburra  in 
the  Andes,  which  is  ten  thousand  feet  above  the 
level  of  the  sea.  I  have  one  tooth  in  my  possession 
from  thence,  purchased  at  the  sale  of  the  late  M.  Fau- 
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jas  de  Sl  Fond,  of  which  the  annexed  ait  may  also 
■erve  as  a  correct  representation. 


T;he  strata  at  Aipnach  consist  of  tlie  following  beds*. 
ip,»  deacencliijg  seriea :  — 


m 


FecL     Inches. 
24     0 


t*    0 
22?     0 
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Light  grey  sandstone 

Li^ht  grey  limestone  like  Jura 
limestone    - 

Different  beds   of  Moiasse  or 
soft  sandstone 

Light     grey    sandstone     with 
mica,  like  No,  1, 

Light  grey    argillaceous  lime- 
stone 

Bituminous  shale  in  layers 

Stinkstonc,  a  bituminous  lime-l 

stone  with  bones  and  river  !■  1  to  2  feet, 
shells,  the  roof  of  the  coal    J 

Coal  -  -  -       0     6       In. 

Bituminous  sciiist  -  -      0    6  to  8 
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Feeti  Inclief;  ' 

10.  Coal         .  ^  -      2     0 

11.  Bituminous  clay  -  -      6    O 

12.  Molasse  and  sandstone  -    66    0 

The  bituminous  strata,  and  shaly  limestone,  pos* 
sessed  all  the  characters  of  beds  in  the  regular  coal 
formations  in  England :  probably  the  fetid  quality  of 
the  limestone  No.  7)  was  derived  from  the  abundant 
of  animal  matter  which  it  might  contain*  No.  S«  is 
subcrystalline,  and  bears  a  near  resemblance  to  moun* 
tain  limestone  in  its  mineral  characters. 

Above  the  London  cl^  there  is  no*  calcareouB 
formation,  except  in  the  Isle  of  Wiglit,  but  in*  the 
Paris  basin  there  are  two ;  of  which  the  lowest  is 
called  Calcaire  grassier.^ 

Le  cakaire  grassier^  oc  coarse  limestone  of  Paris, 
is  deposited  upon  the  plastic  clay,  as  the  latter  is 
upon  the  subjacent  chalk :  between  the  plastic  day, 
however,  and  the  calcaire  grossier,  there  is  a  bed  of 
sand  ;  but  geologists  are  not  determined,  to  which  of 
the  two  formations  it  belongs.  The  calcaire  grouier 
differs  in  its  quality  in  the  different  beds,  but  it  may 
be  described  generally  as  a  yellowish  earthy  limestone, 
which  bears  some  resemblance  to  Portland  stone  in 
its  fracture,  texture,  and  colour ;  but  it  is  not  oolitic* 
The  strata  of  limestone  alternate  with  argillaceous 
marl  and  shale,  and  with  calcareous  marl. 

The  lowest  bed  of  calcaire  grossier  is  soft;,  and 
much  intermixed  with  green  particles  and  sand; 
it  contains  a  great  number  of*  the  fossils  called 
nummulites,  on  account  of  their  being  flat  and 
round,  and  resembling  in  shape  a  small  coin.  The 
shells  in  this  bed  are  in  high  preservation.  In  the 
beds  immediately  above,  called  the  middle  beds, 
there  are  a  prodigious  number  of  mai'ine  shells,  and 
also  the  stems  and  impressions  of  leaves  of  plants 
that  are  not  marine.  In  the  lowest  and  middle 
beds  of  the  calcaire  grossier^  no  less  than  six  hun- 
dred different  species  of  shells  are  found. 

In   the  upper  part  of  the  calcaire  grossier^   the 
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strata  are  several  feet  thick,  and  yield  a  hard  coarse* 
grained  and  durable  limestone:  it  is  from  these 
strata  that  the  best  building- stone  is  procured.  It 
is  often  nearly  filled  with  shells  of  the  genus  ceri-^ 
Mum^  and  has  hence  been  sometimes  called  calcaire 
dceritesm 

.  Between  the  strata  of  building-stone,  there  often 
gccur  thin  strata  of  flint  or  chert;  in  some  parts 
these  siliceous  strata  enlarge  into  thick  beds  of  chert 
(jiiku  come\  or  into  beds  of  sandstone  containing 
marine  shells;  in  the  beds  of  this  sandstone,  at 
Pierrelaie,  freshwater  shells  have  been  discovered, 
inixed  with  numerous  marine  shells.  The  total 
thickness  of  the  beds  of  calcaire  grossierf  near  Paris, 
is  about  ninety  feet. 

No  beds  of  limestone  resembling  the  calcaire  gros^ 
sier  of  Paris,  are  found  in  the  tertiary  strata  of 
England.  The  calcaire  grassier  in  the  departments 
of  La  Doi'dogne  and  La  Gironde,  and  other  parts 
of  France,  presents  a  considerable  difference  from 
that  in  the  Paris  basin.  In  Hungary,  extensive 
strata  of  the  calcaire  grassier  have  been  described 
by  M.  Beudant ;  they  are  in  every  respect  analogous 
to  the  strata  in  the  Paris  basin,  botli  in  their  mineral 
and  zoological  characters.  The  lower  beds  also  are 
intermixed  with  shelly  sand,  and  green  particle 
which  bear  a  close  resemblance  to  the  shelly  de- 
positions in  the  plain  of  Lombardy.  M.  Humboldt 
thinks  he  discovered  a  formation  similar  to  the  calcaire 
grassier^  in  some  parts  of  South  America. 

Calcaire  siUceur  is  composed  of  limestone,  some- 
times grey  and  compact,  and  sometimes  tender  and 
white:  it  is  penetrated  by  silex  in  every  direction, 
and  in  all  its  parts.  According  to  the  early  opinion  of 
M.  Brongniart,  the  calcaire  siliceux  occupies  the  place 
of  the  calcaire  grassier''  where  the  latter  is  wanting ; 
others  regard  it  as  an  upper  formation  above  the 
middle  gypsum.  Some  of  the  beds  of  the  calcaire 
siliceua:  furnish  mill-stones,  and  contain  river  shells. 
In  this  bed,  the  siliciate  of  magnesia  was  discovered  by 
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M.  Brongniart  The  siliceous  infiltrations  sometimm 
form  plates  of  chalcedony,  and  mammillated  coo* 
cretions  of  xrhalcedonic  chert,  coloured  red,  violeC^ 
and  brown. 

Gypseow  Marl  and  6ryjxstif9i.  •*- This  remarkable 
formation  occurs  in  detached  hills  along  the  course 
of  the  rivers  Mame  and  the  Seine ;  it  is  supposed  to 
have  originally  extended  as  one  continuous  oed  from 
east  to  west,  twenty-five  leagues  in  length  and  eigliA 
in  breath :  its  greatest  thickness  is  about  two  hundred 
feet. 

The  gypsum  formation  consists  of  alternating  beds 
of  gypsum  and  argillaceous  and  calcareous  marl^ 
which  are  regularly  arranged,  and  preserve  the  same 
order  of  succession  wherever  they  have  been  exa^ 
mined.  The  gypsum  forms  three  distinct  mwsea. 
The  lowest  consists  of  thin  strata  of  gypsum  contain 
ing  crystals  of  selenite,  which  alternate  with  strata 
of  solid  calcareous  marl,  and  with  argillaceous  shale.' 
The  middle  is  like  the  lowest  mass,  except  that  thel 
strata  of  gypsum  are  thicker,  and  the  beds  of  mail 
are  not  so  numerous ;  it  is  chiefly  in  this  mass  that 
fossil  fish  are  found.  The  uppermost  mass  is  the 
most  remarkable  and  important  of  all;  it  is  in 
some  parts  more  than  seventy  feet  thick ;  there  are 
but  few  beds  of  marl  in  it ;  tne  lower  strata  of  gyp> 
sum  in  this  mass  have  a  columnar  structure :  the 
gypsum  is  pure,  and  finely  granular ;  it  has  a  light 
yellowish  brown  colour,  which  might  perhaps  more 
properly  be  called  a  dirty  white.  In  this  upper  mass 
of  gypsum  the  skeletons  and  scattered  bones  of  birds 
and  unknown  quadrupeds  are  discovered ;  sometimes 
they  are  found  in  the  solid  gypsum,  and  sometimes  in 
the  marl  that  separates  the  beds.  Remains  of  turties 
and  crocodiles  have  also  been  foupd  in  the  same 
strata.  It  is  to  the  indefatigable  and  enlightened 
labours  of  Baron  Cuvier  that  we  are  indebted  for  a 
knowledge  of  the  different  genera  of  remarkable  land 
quadrupeds,  belonging  to  a  former  world,  found  in 
the  gypsum  quarries  ;  they  difier  from  any  genera  of 
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ing  animals.  These  land  quadrupeds  trere  herbi- 
voroua ;  they  beloii;^  to  the  order  which  Cuvier  has 
denominated  Pachydennaia,  or  thick-skinned  non- 
ruminant  animals.  Out-  of  the  fjenera  called  PaftFo. 
therium  (or  ancient  animal),  appears  to  bear  some 
relation  to  the  rhinoceros,  the  hippopotamus,  and 
horse,  and  in  some  respects  to  the  pig  and  the  camel. 

Of  this  genua  there  are  eleven  or  twelve  species  ; 
five  of  them  have  been  found  in  the  Paris  gypsum. 
The  largest  was  tlie  size  of  a  horse,  but  its  form 
was  heavy,  and  its  legs  thick  and  short ;  its  grinders 
resemble  those  of  the  rhinoceros  and  the  daman  •  ;  it 
bad  six  incisive  and  two  canine  teeth,  like  the  tapir, 
and,  like  that  animal,  had  a  short  fleshy  trunk  :  it  had 
three  toes  on  each  foot,  and  is  supposed  to  have  in- 
habited marshy  ground,  and  to  have  lived  on  the 
roots  and  stems  of  succulent  marah  planta.  One  of 
the  species,  however,  possessed  t!ie  size  and  the  light 
figure  of  the  Antelope,  and  is  supposed  to  have 
browsed  on  aromatic  plants,  or  the  buds  of  young 
trees  in  diy  situations,  like  other  light  herbivorous 
animals.  Probably,  says  Cuvier,  it  was  a  timid 
animal,  with  large  movable  ears,  like  those  of  the 
deer,  which  could  apprise  it  of  the  least  danger : 
doubtless  its  skin  was  covered  with  short  hair ;  and 
we  only  want  to  know  its  colour,  in  order  to  paint  it 
as  it  formerly  lived  in  the  country  where,  after  so 
many  ages,  its  bones  have  been  dug  up. 

One  species  of  the  palfFoifierium  was  not  larger 
than  a  hare. 

The  Annplotkeritcm,  or  animal  without  defensive 
teeth,  has  only  been  found  in  the  gypsum  quarries 
near  Paris.  It  has  two  very  distinctive  characters : 
the  feet  have  only  two  toes  which  are  separated  the 
whole  length  of  the  foot ;  the  teeth,  of  which  tliere 
are  six  incisive  in  each  jaw,  a  canine  tooth  of  the 
same  height,  and  six  molares  or  grinders,  all  form  a' 


ri 


/'*  An  African  quadruped,  the  size  of  a  rabbit,  but  d08«lj  frj^< 
'^bling  the  rhinoceros. 
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continued  series  without  any  interval,  which  is  the 
case  with  no  other  known  quadruped.  The  most 
common  species  is  of  the  height  of  a  boar,  but  mudi 
longer.  There  are  remains  of  other  animals,  in  the 
same  quarries,  allied  to  the  anoplotherium,  but  which 
differ  in  the  form  of  their  teeth.  The  bones  of  six 
species  of  birds  have  been  discovered  in  -these  quar- 
ries, and  also  the  remains  of  a  few  carnivorous 
animals  allied  to  the  dog  and  the  weasel.  It  is  remark^ 
able,  that  in  the  middle  of  the  gypsum  fbrmation','^ 
and  throughout  the  greater  part  of  it,  we  find  the 
remains  of  land  animals  and  of  freshwater  fish  and 
shells;  but  near  its  upper  and  lower  limits,  both  m 
the  g}'psum  and  the  gypseous  marl,  the  fossils  Bit' 
those  of  marine  animals.  A  bed  of  green  mai»Ii 
which  may  be  very  distinctly  traced  near  the  termin*; 
ation  of  the  upper  mass  of  gypsum,  separates  tfife 
freshwater  from  the  sea  shells ;  and  in  the  lower 
part  of  the  gypsum  formation,  marine  shells  are  found 
in  the  gypsum  itself. 

It  may  be  useful  to  those  strangers  who  visit  Mont- 
martre  for  the  first  time,  to  state,  that  this  thin  green 
bed,  which  can  be  distinctly  seen  and  traced,  may 
serve  them  as  a  key  to  the  geology  of  the  place ;  as 
it  separates  all  the  lower  marine  and  freshwater 
formations  from  the  upper. 

The  gypsum  of  the  Paris  basin  was  probably  de- 
posited in  an  extensive  lake,  on  the  borders  of  which 
the  land  animals,  whose  remains  are  discovered  in  it, 
flourished  and  perished.  Some  of  them  appear  to  be 
formed  for  swimming,  or  living  much  in  the  water, 
like  the  otter  or  water-rat.  Whether  the  water  in 
this  lake  was  salt  or  fresh,  is  by  no  means  certain; 
though  M.  Brongniart  thinks  that  a  single  freshwater 
shell  found  in  the  gypsum  would  decide  the  question: 
but  this  opinion,  however  high  the  authority  of  so 
distinguished  a  naturalist  and  geologist  may  be,  can- 
not, I  conceive,  be  maintained ;  for  in  some  of  the 
beds,  we  meet  with  a  mixture  of  marine  and  fresh- 
water  shells,  —  and  in  this  case  who  shall  determine, 
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whether  such  beds  are  of  marine  or  freshwater 
origin  ?  The  intermixture  of  shells  clearly  shows, 
that  they  have  been  transported  from  their  native 
situationsi  or  that  marine  and  freshwater  mollusca 
may  live  in  tlie  same  estuary  or  lake,  if  the  water  be 
brackish,  which  is  confirmed  by  recent  observations 
and  experiments. 

The  fossil  bones  found  in  the  gypsum  quarries  near 
Paris  are  light  and  porous,  and  appear  to  have  been 
scarcely  penetrated  by  gypsum :  this  is  very  remark* 
able ;  for  if  we  suppose  the  gypsum  to  have  been  held 
in  solution  by  water,  like  the  sulphate  of  lime  in 
i;ecent  springs,  it  seems  extraordinary  that  it  should 
not  have  penetrated  into  the  pores  of  the  bones.  I 
am  not  aware  that  the  circumstance  has  before  been 
noticed  by  geologists,  but  1  think  the  state  of  the 
hpnes  proves,  that  they  were  rapidly  enveloped  by 
the  gypsum,  before  the  animal  matter  in  tlie  pores 
was  decomposed;  and  also,  that  the  gypsum  was 
speedily  consolidated.  The  same  observation  would 
apply  to  the  bones  of  land  animals  1  found  in  the 
freshwater  limestone,  under  the  volcanic  mountain  of 
Gergovia,  in  Auvergne ;  the  state  of  these  bones  was 
similar  to  those  in  the  Paris  gypsum. 
:  Baron  Cuvier  was  the  first  naturalist  who  success- 
fully applied  the  knowledge  of  comparative  anatomv, 
to  ascertain  the  forms  of  vertebrated  fossil  animals. 
The  publication  of  his  Rec/ierc/ies  sur  les  Os$emen$ 
Fossiles  may  be  regarded  as  an  epoch  in  geology : 
since  that  time,  many  other  important  discovenes 
respecting  fossil  quadrupeds  have  been  made.  It  will 
no^  therefore,  be  deemed  irrelevant  to  our  subject, 
to  insert  the  very  interesting  account  he  has  given  of 
his  own  feelings  when  he  first  became  able  to  arrange 
the  bones  of  each  genus  and  species  of  unknown 
animals,  found  in  the  gypsum  quarries  near  Paris :  -— 
"  When  the  sight  of  some  bones  of  the  bear  and  the 
elephant,  twelve  years  ago,  inspired  me  with  the  idea 
of  applying  the  general  laws  oi'  comparative  anatomy, 
to  the  reconstruction   and   the   discovery  of  fossil 
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species ;  when  I  began  to  perceive  that  these  species 
were  not  perfectly  represented  by  those  of  our  day, 
which  resembled  them  the  most ;  —  I  did  not  suspect 
that  I  was  every  day  treading  upon  a  soil,  tilled  with 
remains  more  extraordinary  than  any  that  I  had  yet 
seen ;  nor  that  I  was  destined  to  bring  to  light  whole 
genera  of  animals  unknown  to  the  present  worlds 
and  buried  for  incalculable  ages  at  vast  depths  under 
the  earth.  It  was  to  M.  Veurin  that  I  owe  the  first 
indications  of  these  bones  furnished  by  our  quarries : 
some  fragments  which  he  brought  me  one  day,  having 
struck  me  with  astonishment,  I  made  enquiries  respect* 
ing  the  persons  to  whom  this  industrious  collectot 
had  sent  any  formerly :  what  I  saw  in  these  coUe^^ 
tions  served  to  excite  my  hopes  and  increase  m)r^ 
curiosity.  Causing  search  to  be  made  at  that  Ham 
for  such  bones  in  all  the  quarries,  and  offering  w 
wards  to  arouse  the  attention  of  the  workmen,  1 
collected  a  greater  number  than  any  person  who  had- 
preceded  me«  After  some  years  I  was  sufficiently' 
rich  in  materials  to  have  nothing  further  to  desire ;' 
but  it  was  otherwise  with  respect  to  their  arrangement 
and  the  construction  of  the  skeletons,  which  alone 
could  conduct  me  to  a  just  knowledge  of  the  species.' 
From  the  first  moment,  I  perceived  that  there  were . 
many  different  species  in  our  quarries ;  and  soon  after- 
wards, that  they  belonged  to  various  genera,  and  that 
the  species  of  the  different  genera  were  often  of  the. 
same  size ;  so  that  the  size  alone  rather  confused  than 
assisted  my  arrangement.  I  was  in  the  situation  of  a 
man  who  had  given  to  him,  pele  melCj  the  mutilated 
and  incomplete  fragments  of  a  hundred  skeletons, 
belonging  to  twenty  sorts  of  animals,  and  it  was  re^ 
quired  that  each  bone  should  be  joined  to  that  which 
it  belonged  to.  It  was  a  resurrection  in  miniature ; 
but  the  immutable  laws  prescribed  to  living  beings 
were  my  directors.*     At  the  voice  of  comparative 

•  In  the  following  passage  Cuvier  has  more  fully  explained 
w}iAt  he  denominates  <*  the  immutahle  laws  prescribed  to  living 
b^igs  :**«»«  Every  organised  being  forms  a  whole  and  entire 
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anatomy,  each  bone,  each  fragment,  regained  its 
place.  I  have  no  expressions  to  describe  the  pleasure 
experienced,  in  perceiving  that,  as  I  discovered  one 
character,  all  the  consequences,  more  or  less  foreseen, 
of  this  character,  were  successively  developed.  The 
feet  were  conformable  to  what  the  teeth  had  an- 
nounced, and  the  teeth  to  the  feet ;  the  bones  of  the 
legs  and  the  thighs,  and  every  thing  that  ought  to 
reunite  these  two  extreme  parts,  were  conformable  to 
each  other.  In  one  word,  each  of  the  species  sprung 
up  from  one  of  its  elements.  Those  who  wll  have 
the  patience  to  follow  me  in  these  memoirs,  may  form 
some  idea  of  the  sensations  which  I  experienced,  in 
thus  restoring  by  degrees  these  ancient  monuments 
of  mighty  revolutions.  This  volume  will  afford  much 
interest  to  naturalists,  independent  of  geology,  show- 
ing tliem,  by  multiplied  examples,  the  strictness  of 
the  laws  of  co-existence,  which  elevate  zoology  to 
the  rank  of  the  rational  sciences,  and  which,  leading 
us  to  abandon  the  vain  and  arbitrary  combinations 
that  had  been  decorated  with  the  name  of  systems, 
will  conduct  us  at  last  to  the  only  study  worthy  of 
our  age  — to  that  ol'  the  natural  and  necessary  rela- 
tions which  connect  together  the  different  parts 
of  all  organised  bodies.     But  geology  will  lose  no- 


sjrttem,  of  which  all  the  parts  mulually  correspond  and  co-optrate, 
to  ftroduoe  the  same  definite  action,  by  b  reciprocal  re-action; 
none  of  these  parts  can  chan;;;^,  without  a  change  of  the  others 
ako.  Tims,  if  the  inlestinea  of  an  aninfal  are  organised  in  a  manner 
only  to  digest  fresh  flesh,  it  is  necessary  ihal  hie  Jaws  should  be 
constructed  to  devour  the  previ  his  claws  to  seize  and  teur  ii,  his 
teeth  to  divide  the  flesh,  and  the  whole  system  of  hig  orj^ng  of 
motion  to  follow  and  overtake  it,  and  ofhts  organs  of  sense,  to  per- 
ceive it  at  a  distance.  It  is  necessary,  also,  that  he  should  have 
Eeateil  in  his  brain  the  instinct  to  hide  himself  and  spread  snares 
fbr  his  victim:  such  are  the  general  conditions  of  a  carnivorous 
regimen  :  every  carnivorous  animal  must  infallibly  unite  them,  — 
without  them  the  species  could  not  subsist.  But,  under  thesa 
g^^eral  conditions,  there  are  particular  ones  with  respect  to  the 
'  '^jii  the  species,  and  the  abode  of  Uie  prey,  for  which  each  animal 
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thing  by  this  accessary  application  of  the  fects 
contained  in  this  volume:  and  thus  the  numerous 
families  of  unknown  beings,  buried  in  the  most 
frequented  part  of  Europe,  offer  a  vast  field  for 
meditation/* 

Upper  Marine  Sand  and  Sandstone.  —  In  the  Pirii 
basin  this  formation  covers  the  gypsum,  pr  where 
that  is  wanting,  it  rests  on  the  calcahre  grassier. 
The  marine  sand  and  sandstone  is  divided  into  two 
beds;  the  lower  is  without  shells  in  situ^  though 
some  broken  fragments  occur  in  it.  This  sandstone 
is  frequently  composed  of  grains  of  transparent  pure 
silex,  and  occasionally  small  scales  of  mica.  In 
some  situations  this  sandstone  is  penetrated  by  calca- 
reous infiltrations.  Ii;!  other  situations  there  are 
balls  and  masses  of  much  harder  sandstone,  which 
are  used  for  paving  stones  in  Paris,  but  they  are  not 
durable.  At  the  forest  of  Fontainebleau  in  France, 
the  thickness  of  this  sand  and  sandstone,  exceeds 
one  hundred  and  seventy  feet ;  the  sandstone  occurs 
in  loose  blocks  and  irregular  masses,  and  sometimes 
is  distinctly  stratified.  In  some  parts  the  sand  is  so 
pure  that  it  is  used  in  making  the  finest  glass.  In 
other  parts  the  quantity  of  calcareous  earth  is  so 
large,  that  it  assumes  the  form  of  calcareous  crystals. 
There  is  no  stratum  of  this  marine  sandstone  in  Eng- 
land, but  detached  blocks  of  similar  stone,  called  (grey 
weatJiers)  are  scattered  over  some  of  the  southern  coun- 
ties, and  some  of  the  large  stones  at  Stonehenge  are 
of  the  same  kind.  South  of  Nemours,  in  passing 
from  Lyons  to  Paris,  I  observed  masses  of  this  sandU 
stone  loosely  imbedded  in  sand*  at  considerable 
elevations,  and  as  the  sand  becomes  washed  away^ 
these  masses  faU  out,  and  are  scattered  over  the 
lower  ground }  in  this  nianner  the  occurrence  of  the 
blocks  of  grey  weathers  may  be  accounted  for :  they 
are  the  remains  of*  a  formation  of  upper  sandstQne^ 
which  has  disappeared  in  England. 

The  Upper  Marine  Sand  and  Sandstone  contains 
numerous  marine  shells ;  it  has  frequently  a  reddish 
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Tb\our;  it  is  a  tliin  bed,  compared  with  tlie  sandstone 
without  shells,  and  is  not  of  general  occurrence. 
It  may  be  studied  at  Montmartre.  AVIicther  any 
analogous  beds  have  been  found  in  England,  is  not 
well  ascertained,  but  the  beds  of  sand  at  Bagshot 
Heath,  and  in  other  situations  resting  on  London 
clay,  have  been  generally  classed  with  the  upper 
marine  sandstone  of  the  Paris  basin.  The  Bagshot 
sands  consist  according  to  Mr.  Warburton,  ofocheroiis 
sand,  foliated  green  clay,  with  grecn'sand,  and  various 
coloured  marls  j  a  few  marine  shells  have  been  found 
in  this  sand.  The  Crag  of  Norfolk  has  been  often 
classed  witli  the  upper  marine  sanii,  but  it  probably 
belongs  to  a  more  recent  series,  and  will  be  noticed 
at  the  end  of  the  present  chapter. 

The  marine  sand  and  sandstone  is  in  some  parts 
covered  with  a  bed  of  argillaceous  and  ferruginous 
marl,  from  three  to  fourteen  feet  in  thickness,  in 
which  are  imbedded  irregular  layers  of  compact  silex 
or  Iiornstone,  full  of  pores  and  cavities,  wfiich  give 
it  a  corroded  and  cellular  appearance.  It  is  this 
asperity  of  surface  that  renders  this  stone  peculiarly 
fitted  for  mill-stones.  The  substance  of  mill-stone, 
when  unmixed,  is  pure  silex ;  it  has  generally  a  reddish 
or  yellowish  colour,  but  that  of  the  best  quality  is 
nearly  white.  All  the  best  mill-stones  used  in  Eng- 
land are  brought  from  this  bed,  and  are  known  by  the 
name  of  Burrh  stones.  There  are  no  shells  or  organic 
remains  in  this  bed. 

Upper  Fresh-water  Formation.  —  This  formation, 
though  extensively  spread  over  many  parts  of  the 
Continent,  is  scarcely  known  in  England :  it  occurs 
in  the  Isle  of  M'ight.  In  the  Paris  basin  it  covers 
all  the  other  tertiary  strata,  and  is  itself  covered  with 
vegetable  soil.  The  upper  freshwater  formation  is  so 
called,  because  all  the  shells  it  contains  are  analogous 
to  freshwater  shells :  it  consists  principally  of  calca- 
reous earth,  and  siliceous  earth,  sometimes  separated, 
and  sometimes  intermixed.  Calcareous  earth,  in  the 
of  pure  limestone,  is  the  most  common :  large 
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masses  of  freshwater  silex  are  more  rare.  The  ailex 
occurs  sometimes  as  a  pure  translucent  flint,  and  some- 
times opaque,  with  a  resinous  fracture  j  sometimes  it 
approaches  to  tlie  state  of  jasper,  and  sometimes  it 
has  all  the  characters  of  mili-stone. 

Freshwater  limestone,  in  the  vicinity  of  Paris,  has 
generally  a  greyish  white,  or  a  yellowish  co}our ;  it  is 
sometimes  as  tender  as  chalk,  and  sometimes  hard  and 
compact,  with  a  fine  grain  and  conchoidal  fracture: 
in  the  latter  state  it  is  brittle,  and  breaks  into  sharp* 
edged  fragments  like  flint.  Some  of  this  limestone^ 
at  a  distance  from  Paris,  particularly  that  of  Cb4teatt 
Landon,  presents  the  character  of  a  transition  marUe^ 
and  will  receive  a  flne  polish.  Several  of  the  basins 
with  jets  d^eau  in  the  gardens  of  the  Thuilleries  are 
made  of  this  marble.  Many  of  the  harder  freshwater 
limestones,  however,  rapidly  disintegrate  on  exposure 
to  air  and  moisture,  and  fall  to  the  state  of  mari^ 
and  are  used  as  manure.  This  formation  is  charao 
terised  by  containing  exclusively  freshwater  and  land 
shells,  similar  to  what  are  found  in  the  neighbouring 
marshes ;  they  belong  to  a  small  number  of  genera 
or  species,  being  chiefly  lymnites,  planorbes,  tur- 
binated shells,  (diied  to  ceritheat)  cyclostoma,  and 
helices. 

Having  described  the  tertiary  strata  round  Paris 
and  London,  I  shall  proceed  to  the  tertiary  strata  in 
the  Isle  of  Wight,  which  contain  many  beds  that 
are  wanting  in  the  London  strata.  The  formations 
of  the  north  of  France*  and  of  England,  do  not,  as  it 
was  once  imagined,  compose  the  whole  of  the  tertiary 
deposits,  but  only  the  lower  and  middle  parts.  A 
brief  account  of  the  tertiary  formations  in  other 
countries  will  be  subsequently  given. 

For  the  first  accurate  account  of  the  tertiary  strata 
in  England,  we  are  indebted  to  Mr.  Webster,  who 
published,  in  vol.  ii.  of  the  Transactions  of  the 
Geological  Society  of  London,  a  description  of  these 
strata  in  the  Isle  of  Wight,  and  their  connection 
with  the  subjacent   chalk.     The   chalk  covered  by 
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the  London  clay  passes  under  the  channel,  called 
the  Solent,  and  rises  in  the  middle  of  the  island, 
forming  a  range  of  hills  which  extends  from  Culver 
Clifiii  on  the  east,  to  the  Needles  on  the  west.  Here 
we  meet  with  a  remarkable  deraiij^ement  of  the  beds 
of  chalk,  and  of  the  superior  strata ;  part  of  the  strata 
of  this  range  of  hills  are  thrown  into  a  position 
nearly  verticle  from  the  western  to  the  eastern  side 
of  the  island,  evincing  the  action  of  a  mighty  dis- 
turbing force,  which  can  be  so  oflen  observed  to 
Iiave  broken  or  upheaved  the  secondary  and  tertiary 
strata,  in  the  vicinity  of  the  Alps.  Evidence  of  the 
same  dislocation  of  the  strata,  extends  from  the  Isle 
of  Wight  into  Uorsethsire. 

The  whole  tliickness  of  the  beds  at  AUim  Bay,  in 
the  Isle  of  Wight,  wiiich  are  nearly  verticle,  accord- 
ing to  Mr.  Webster's  measurement,  is  not  less  than 
three  thousand  feet,  comprising  fourteen  hundred  and 
eighty-one  feet  of  strata  above  the  chalk,  about  nine 
hundred  and  eighty-seven  ieet  of  chalk,  and  five 
or  six  hundred  Ieet  of  lower  strata.  Farther  south, 
the  strata  under  chalk  are  seen  again  in  their  original 
horizontal  position ;  and  on  the  northern  side,  there 
are  hills  composed  of  horizontal  strata,  evidently  of 
a  formation  posterior  to  the  time  when  the  chalk 
strata  were  overturned.  Tliat  the  latter  were  once 
nearly  horizontal,  may  be  inferred  from  their  generally 
occurring  in  Ahat  position  in  the  southern  counties, 
and  is  rendered  certain  from  the  following  circum- 
stance described  by  Mr.  Webster.  In  one  of  the 
vertical  beds  consisting  of  loose  sand,  are  several 
layers  of  flints,  extending  fiom  the  bottom  to  tJie  top 
of  the  clilf.  "  These  flints  have  been  rounded  by 
attrition,  are  from  an  inch  to  eight  inches  in  dia- 
meter, and  appear  to  have  belonged  to  the  chalk. 
Now  it  is  inconceivable  that  these  flints  could  have 
been  originally  deposited  in  their  present  position: 
they  distinctly  point  out  the  former  horizontal  di- 
rection of  this  series.  There  are  no  signs  of  partial 
z  3 
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disturbance  in  these  beds ;  the  whole  appears  there? 
fore  to  have  been  moved  together.** 

Close  adjoining  the  verticle  strata  on  the  northern 
side  of  the  island,  occur  a  series  of  horizontal  strata, 
which  are  distinctly  visible  in  a  hi]l  called  Headon : 
—  these  strata  consist  of  an  alternating  'series  of 
freshwater  and  marine  deposits,  bearing  a  striking 
similarity  in  their  fossil  contents,  to  the  strata  in  the 
vicinity  of  Paris.  According  to  Mr.  Webster,  they 
consist  of 

1.  A   calcareous  stratum,  containing  only  fresh- 

water  shells.  —  Upper  freshwater. 

2.  Greenish    marl   with   marine  shells.  —  Upper 

marine. 

3.  Marl  with   freshwater  shells.  —  Lower  Jresh- 

water. 

4.  Dark  blue  clay  without  shells. — Lower  marine. 
Thus  we  have  over  chalk  four  distinct  formations. 

No.  4.  A  lower  marine  formation,  which  includes 
the  London  clay.  A  lower  freshwater  formation. 
No.  S.  The  strata  of  this  formation  consist  of  sandy, 
calcareous,  and  argillaceous  marl ;  some  of  them 
appear  to  be  formed  almost  wholly  of  the  fragments 
of  freshwater  shells,  without  any  mixture  whatever  of 
marine  shells.  "  From  the  quantity  of  these  shells, 
and  the  regularity  and  extent  of  the  strata,  we  are 
compelled**  says  Mr.  Webster,  to  admit,  that  the 
spot  where  they  now  are,  was  once  occupied  by 
fresh  water,  in  wbich  these  animals  existed  in  a 
living  state.  Over  this  freshwater  occurs  an  upper 
sti*atum,  No.  2,  which  contains  a  vast  number  of 
fossil  shells  wholly  marine.  Again,  over  this  marine, 
formation,  in  the  same  hill,  is  a  calcareous  stratum 
fifty-five  feet  in  thickness.  No.  1,  eveiy  part  of  which, 
contains  freshwater  shells  in  great  abundance,  without 
any  admixture  of  marine  exuviae.  Many  of  the  shelU 
are  in  high  preservation;  and  the  animals  must 
formerly  have  lived  in  tlie  very  spots  where  they 
pow  are,  the  shells  being  so  fragile,  that  they  could 
not  have  been  removed  from  their  original  situation 
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witliout  breaking.  Part  of  the  stone  of  this  form- 
ation is  very  hard  and  compact,  and  has  long  been 
extensively  used  for  building-stone.  This  stratum 
appears  to  have  extended  over  the  whole  of  the 
northern  part  of  the  Isle  of  Wight;  but  it  has  not 
yet  been  discovered  in  any  other  situation  on  tliis 
side  of  the  water:  it  may  be  considered  as  the  latest 
formation  of  rock  we  are  acquainted  with  in  England, 
and  agrees  in  many  of  Its  mineralogical  characters, 
and  tlie  fossils  it  contains,  with  the  freshwater  lime- 
stone, calcaire  d'eau  douce,  in  the  vicinity  of  Paris; 
they  are  different  from  any  other  known  rock."  But 
nowhere  has  there  been  discovered,  in  tlie  series 
of  freshwater  strata  in  England,  any  trace  of  the 
remarkable  beds  of  gypsum  containing  bones  of 
unknown  genera,  and  species  of  quadrupeds,  similar 
to  the  gypsum  of  Montmartrc. 

During  a  recent  visit  of  the  author  to  the  Isle  of 
Wight,  he  was  induced  to  conclude,  that  some  of  the 
remarkable  phenomena  which  this  island  presents, 
would  admit  of  a  more  simple  explanation  than 
what  has  generally  been  given.  He  proposes  to 
state  his  opinions  on  this  subject  in  a  subsequent 
work. 

Dr.  Buckland  has  pointed  out  many  situations  west 
of  the  London  clay,  where  patches  of  the  lower  beds 
occur.  These  patches  indicate  that  what  is  culled 
the  London  basin,  and  the  basin  of  the  Isle  of  Wight, 
were  once  continuous,  and  that  their  continuity  was 
broken  by  the  upheaving  of  the  clialk,  which,  in 
several  parts,  had  lifted  up  the  portions  of  tertiary 
strata  that  still  remain. 

The  formation  called  Norfolk  Crag,  remains  to  be 
noticed  as  the  last  of  the  English  tertiary  formations. 
In  the  counties  of  Norfolk  and  .Siitlblk,  there  are 
a  series  of  irregular  beds  of  ferruginous  sand  and 
clay,  mixed  witli  marine  shells,  which  have  received 
the  name  of  crag.  The  beds  are  much  contorted 
and  broken,  and  are  intermixed  with  London  clay 
^wyl  chalk,  on  which  they  rest ;  they  are  covered  in 
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many  parts  by  diluvium.  The  crag  is  consid 
the  most  recent  o^the  tertiary  beds  in  England;  its 
true  geological  position,  in  relation  to  the  tertiary 
atruta  on  the  Continent,  is  not  precisely  ascertained. 
According  to  an  account  of"  Mr.  S.  Woodward  oi' 
Norwich,  the  crag  is  of  limited  extent  in  situ,  in  the 
county  of  Norfolk.  If  a  line  be  drawn  from  Cromer, 
on  the  northern  coast  of  Norfolk,  to  Wayburn,  about 
six  miles  west,  and  from  thence  extending  souUierly 
towards  Norwich  (about  18  miles),  it  will  comprise 
all  the  regidar  beds  of  crag.  Mr.  Woodward  supposes 
that  these  beds  were  deposited  in  an  estuary;  east- 
ward of  this  tract,  ligneous  and  mammalian  remains 
have  been  found  in  abundance,  indicating  that  it 
was  once  diy  land.  Mag.  of  Nat.  Hist.  Sept.  1832. 
Accoi\iing  to  Mr.  R.  C.  Taylor,  the  crag  forms  the 
base  of  the  cliffs,  from  Cromer  to  Trimmingham. 
In  a  valuable  paper  on  the  Geology  of  East  Norfolk, 
by  the  same  gentleman,  published  in  the  Philoso- 
phical Magazine  and  Annals  of  Philosophy,  April 
1827,  and  the  following  numbers,  there  is  an  inter- 
esting account  of  the  geological  position  of  the  crag 
near  the  coast,  with  explanatory  sections.  •'  The 
crag  rests  in  part  upon  the  Londoa  clay,  and  a 
laminated  clay  without  fossils,  and  partly  upon  chalk, 
occupying  the  lowest  sites;  rarely  rising  to  eighty 
feet  above  the  present  level  of  the  sea;  and  in 
general  not  more  than  half  that  elevation.  The 
average  level  of  its  base  may  be  considered  to  be 
about  that  of  the  present  ocean.  In  certain  cases, 
where  the  chalk  hills  attain  a  higher  level  than  the 
crag,  that  deposit  could  only  be  expected  to  envelope 
or  surround  their  sides,  and  not  to  penetrate  into 
the  chalk:  such  eminences  would  then  present  the 
appearance  of  tongues  or  promontories  of  chalk, 
protruding  into  the  crag;  and  this  circumstance 
accounts  for  the  occasionally  apparent  absence  of 
that  formation.  But  the  crag  has  been  subjected 
to  abrasion  by  diluvial  currents.  Portions  of  its 
western  edges  have  been  swept  away.     ThOT  f 
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incnts,  mingled  witli  those  of  clialk  and  preceding; 
formations,  piled  in  enormous  heaps,  form  the  cliiTs 
of  Cromer  and  Trimmingham,  2.50  or  300  leet  in 
thickness,  upon  the  original  crag,  which  rests  in  situ 
at  their  base."  —  No.  4.  (New  aeries.)  p. '288.  The 
fossils  in  the  crag  are  not  mineraHsed;  many  of 
them  appear  to  belong  to  species  living  in  the  present 
seas.  The  general  cliaracters  of  tiie  crag  are  ably 
given  by  Mr.  Taylor.  "  A  district,  bordering  a  hun- 
dred miles  upon  our  eastern  coast,  ia  occupied  by 
an  ancient  marine  deposit,  continually  changing  its 
aspect,  yet  constant  in  its  peculiar  characters,  and 
always  to  he  understood  by  unerring  data :  now 
appearing  as  a  ferruginous  sandstone,  then  a  compact 
clay,  and  again  considerably  indurated ;  sometimes 
blended  in  a  mass  of  extinct  zoophytes,  sponges, 
and  alcyonitcs,  fonning  a  sort  rock ;  oflener  an 
irregularly  accumulated  mass  of  decomposed  and 
broken  littoral  shells,  loosely  imbedded  in  sand  like 
an  ordinary  sea-beach,  yet  accompanied  with  the 
remains  of  unknown  animals.  Sometimes  forming 
the  substratum  of  a  considerable  area;  or,  over- 
whelmed beneath  the  debris  of  older  strata,  only 
detected  at  intervals.  At  one  point  exhibiting  groups 
of  shell  fish  alhed  to  those  of  the  neighbouring  sea ; 
and  at  another,  composed  of  numerous  genera,  which 
are  ncitlier  to  be  recognised  living  in  any  part  of  our 
globe,  nor  assimilating  to  the  fossil  shells  of  other 

r... formations." — Phil.  Mag.  page  350, 

,>  •    Mr.  Taylor,  in  his  account  of  the  Norfolk  crag, 

'>Lappearfi  to  associate  with  it  the  beds  which  Mr. 
Woodward  describes  as  diluvium;  hence  he  gives  a 
greater  extent  to  the  crag  formation  than  Mr.  Wood- 
ward. The  latter  gentleman  states,  as  a  well  as- 
certained fact,  that  the  tooth  of  a  mastodon  was 
obtained  from  the  crag  stratum  at  Whitlingham  near 
Norwich  ;  and  he  has  also  a  fragment  of  a  tooth  of  a 

L  mastodon,  which  betook  outof  thecragatUramerton. 

?j  These  are  ttie  only  instjuices  at  present  known,  of  the 
Acmatns  of  this  animal  being  found  in  any  part  of 
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Great  Britain.  Teeth  of  the  fossil  elephant  or 
mammoth  are  very  common.  A  similar  formation 
to  crag  is  said  to  be  discovered  on  the  French 
coast  between  Calais  and  Cape  Blanc  Nez :  also 
in  the  neighbourhood  of  Tangres  near  Antwerp, 
and  in  other  parts  of  the  Netherlands. 

Mr.  Manteli  pointed  out  to  me,  when  at  Brighton, 
that  the  cliffi  there  are  composed  of  sand  and  chalk- 
flints  not  worn  by  attrition,  and  that  they  rest  on  an 
ancient  sea  beach,  with  rolled  shingles :  in  some  of 
their  characters,  there  is  a  great  similarity  to  the 
Norfolk  crag.  The  sand  is  in  some  parts  cemented 
into  hard  masses  of  sandstone,  and  teeth  of  the 
elephant  and  the  horse  are  found  in  the  cli£^ 
indiicating  the  high  antiquilr  of  tliis  deposition.  It 
has  been  formed  in  the  valleys  or  depressions  in  the 
eh^lk,  but  it  is  not  very  easy  to  explain,  how  the 
chalk  flints  were  collected  in  such  masses,  and  de- 
posited without  having  been  subjected  to  attrition^ 
It  is  probable  that  future  discoveries  may  make 
it  necessary  to  place  the  crag,  the  Bagshot  sands, 
and  the  conglomerate  in  the  cliffs  of  Brighton  and 
other  parts  of  the  English  coast,  among  the  upper 
tertiary  strata,  which  will  be  described  in  the  follow- 
ing chapter. 
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CHAP.  XVII. 

ON  THE  RECENT  TERTIARY  STRATA,  OR  WHAT 
ARE  CALLED  BY  SOME  GEOLOGISTS  QUATER- 
NARY. 

The  Methods  for  determining  tlie  relative  Age  of  Formations  ex- 

plained,  and  their  Value  examined.  —  Evidence  from  Position. 

I|  —  Evidence  Irom  Organic  Remains.—  Sj'stero  of  M.  Deshayea 

l^fiiuftded  on  Fossil  ShelU.  —  Uncertainty  attending  the  Evidence 

.from  Organic  Remains.  —  Arbitrary  Classifications  of  Natural  isls. 

r -^  Supposed  Limits  to  the  Transmutation  of  Species  of  MolluS' 

rcoug  Animals  exaralnetl.  —  System  of  M.  Elie  de  Beaumont. — 

wGealogical  Age  of  Paleothtcria — of  Mastodons  —  of  Elephants.^ 

Secenl  Tertiary  Strata  of  the    Basin   of  the  Loire.  —  Of  tlie 

Bubappcnine   Ranges.  —  Of  the    Freshnatcr  Formations  in   tlic 

[Appenine  Valleys.  —  Remarkable  Intermixture  of  the  Skdetoits 

r  Whales,  Elephants,   Sic.  at   Castello  Arquota  explained  by 

t  has  taken  place  in   England.  —  Freshwater   Limestone  of 

L  Sningen,    one   of  the    most   recent  Tertiary   Formations.  — 

f^Human  Skeletons    erroneously   supposed    to  have  been  found 

-Observations  on  the  relative    Age  of   the   Strata   of 

CEningen. 

Apter  the  discovery  of  the  true  character  of  tlie 
tertiary  strata  of  the  Paris  basin,  and  of  England,  it 
was  for  some  time  believed  that  the  former  was  a 
complete  representation  of  the  whole  tertiary  form- 
ations in  every  country ;  and  that  the  strata  of  the 
London  basin,  and  of  tlie  Isle  of  Wight,  represented 
a  portion  of  the  strata  of  the  Paris  basin.  It  is  now, 
however,  ascertained,  that  in  the  central  and  south- 
ern parts  ol"  France,  and  in  many  other  countries, 
there  are  extensive  tertiary  formations  which  contain 
organic  remains,  very  diJierent  froui  those  in  the 
Paris  basin. 

These  strata  are,  with  much  probability,  believed 
to  have  been  deposited  in  detached  lakes  or  estiiarit^, 
at  a  subsequent  period  to  that  in  whiclt  tlie  Paris 
basin  was  laid  dry. 
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It  also  appears  probable,  that  these  newer  tertiary 
strata  are  of  different  ages ;  and  that  some  of  them 
approach  in  their  characters  to  the  depositions  at 
present  forming  on  the  shores  of  the  ocean,  or  in  the 
deltas  of  great  rivers,  or  in  freshwater  lakes. 

The  relative  antiquity  of  these  recent  tertiary 
formations,  is  a  subject  of  high  geological  interest,  as 
it  is  connected  witli  the  history  of  the  latest  rewcAij^ 
tions  of  the  globe,  and  the  catastrophes  that  have 
destroyed  the  ancient  races  of  its  inhabitants.  > 

But  how  are  the  relative  ages  of  the  strata  io 
different  tertiary  basins  to  be  ascertained?  The 
relative  ages  of  two  groups  or  formations  of  stratf^ 
or  of  two  strata  in  distant  parts  of  the  same  series, 
may  be  determined  by  two  methods:  one  founded 
upon  the  evidence  of  position,  the  other  upon  that  of 
organic  remains.  As  the  compai^ative  value  of  these 
two  kinds  of  evidence^  and  their  relations  to  each 
other,  has  nowhere,  that  I  know  of^  been  briefly  and 
clearly  stated,  for  the  benefit  of  the  geological  stu-» 
dent,  I  trust  I  shall  be  excused  for  attempting  to 
give  a  simple  and  familiar  explanation  of  each 
method.  The  evidence  from  the  superposition  of 
strata,  or  what  the  French  call  gisementy  is  based 
upon  a  self*evident  truth.  In  all  stratified  rocks  that 
have  been  formed  or  deposited  by  water,  the  lowest 
stratum  is  the  most^  ancient ;  or,  in  other  words, 
every  stratum  is  older  than  the  stratum  that  covers 
it ;  unless  by  some  violent  dislocation  the  strata  have 
been  overturned,  or  removed  from  their  original 
position.  What  is  true  with  respect  to  two  strata, 
may  be  applied  to  two  series  of  strata,  that  occur 
under  each  other :  thus,  we  are  certain  that  the  red 
sandstone  and  marl  under  the  lias  beds,  are  more 
ancient  than  the  latter ;  and  as  both  formations  pre- 
serve the  same  chai'acter  over  a  great  extent,  when- 
ever we  meet  with  them  in  other  situations,  where 
the  superposition  is  not  apparent,  we  may  safely  con- 
clude, that  the  red  sandstone  is  more  ancient  than 
the  lias,  and  occurs  under  it. 
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'  We  cannot,  however,  apply  the  same  evidence  to 
two  groups  of  strata  fonned  in  detached  lakes  or 
basins,  because,  being  deposited  in  dift'ercnt  localities, 
they  never  occur  superimposed  on  each  other.  Let 
us  suppose  that  two  ancient  lakes,  situated  at  a  con- 
siderable distance,  had  become  dry  in  remote  ages, 
and  that  a  stratum  of  calcareous  marl  were  found  in 
the  ancient  bed  of  each  lake;  it  would  be  evidently 
impossible,  from  these  data,  to  determine  which 
stratum  was  the  most  recent,  or  whether  their  ages 
were  coeval.  Let  us,  for  the  better  distinction  of  the 
stratum  of  calcareous  marl  in  each  lake,  Ciill  the  one 
stratimi  A,  the  other  B.  Suppose  the  geologist,  who 
had  seen  the  marl  beds,  were  to  observe,  in  a  neigh- 
bouring steep  bank  or  cliff|  two  marl  beds  similar  to 
A  and  B,  but  separated  by  a  bed  of  sandstone,  he 
would  have  no  doubt  that  the  lower  marl  was  the 
most  ancient;  but  he  could  not  apply  this  to  deter- 
mine the  relative  ages  of  the  lake-marl  strata,  A  and 
B.  Were  he,  however,  to  discover  a  number  of 
shells  of  one  species  in  the  lower  marl  bed  of  the 
clift^  and  another  species  in  the  upper  marl  bed ;  and 
were  he  atlerwards  to  find  the  same  species  of  shells 
that  were  in  the  lower  clitf  marl,  in  the  lake-marl  bed 
A,  and  the  species  that  were  in  the  iipj>er  cliff  marl, 
in  the  lake  marl  bed  B;  he  would  then  have  strong 
presumptive  evidence,  that  the  iake-marl  A  was  more 
ancient  than  the  lake  marl  B.  The  evidence  from 
organic  remains,  or  what  is  technically  called  the 
zool(^ical  characters,  becomes  more  satisfactory  in 
proportion  to  the  number  of  instances  in  which  it  can 
be  supported  by  the  evidence  from  position. 

In  the  above  example  of  the  strata  of  calcareous 
marl  in  the  two  ancient  lake  beds,  the  evidence  of  their 
relative  ages  derives  all  its  value  from  the  original 
evidence  of  position  nbser\-ed  in  the  marl  beds  of  the 
cliff.  The  evidence  from  organic  remains  alone,  must 
ever  be  attended  with  uncertainty,  unless  originally 
confirmed  by  the  evidence  from  8upei"po8ition.  Am- 
mals  whose  remains  are  deposited  in  distant  basins, 
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ttiay  be  of  different  species }  but  this  does  not  prove  that 
Ihey  did  not  live  at  the  same  period,  as  we  find  in  the 
present  day  different  species  inhabiting  different  lati- 
tudes; and  difference  of  temperature  in  the  waters  of 
different  lakes  in  the  same  latitude,  might  occasion  a 
great  change  in  the  character  of  the  inhabitants.  The 
consideration  that  the  value  of  the  evidence  from 
organic  remains,  was  originally  derived  from  the 
evidence  of  position,  and  must  ever  remain  more  or 
less  dependent  upon  it,  appears  to  have  escaped  the 
attention  of  many  geologists,  exclusively  attached  td 
the  study  of  zoological  characters.  Among  our  in- 
genious neighbours,  the  French,  perhaps  too  ready  to 
form  generalisations  from  a  limited  number  of  facts, 
the  value  of  the  evidence  to  be  derived  from  the 
study  of  fossil  conchology  is  greatly  overrated,  when 
they  would  make  it  independent  of  position  or  gise- 
ment.  Could  the  most  scientific  chonchologist  or 
naturalist  have  discovered  from  the  organic  remains 
in  the  Wealden  beds,  whether  they  were  deposited 
before  or  after  the  green  sand  ?  Certainly  not  He 
might  have  ascertained  that  they  were  freshwater, 
and  not  marine  beds ;  but  this  would  not  have  assisted 
him  in  discovering  their  relative  age.  Fortunately  we 
have  here  the  evidence  of  superposition ;  for  the  green 
sand  lies  over  the  upper  Wealden  beds,  and,  there- 
fore, is  a  later  deposition.  When  the  different  periods 
of  time  shall  be  known,  in  which  different  species  of 
animals  first  appeared  in  different  latitudes,  then,  and 
not  till  then,  can  we  predicate  with  certainty  respect- 
ing the  relative  age  of  strata,  from  their  organic 
remains  alone. 

I  shall  now  proceed  to  state  the  rules  attempted  to 
be  established  for  determining  the  relative  ages  of 
the  tertiary  strafei  by  organic  remains. 

M.  Deshayes  considers  that  the  relative  ages  of 
different  groups  of  strata  or  formations  may  be  de- 
termined by  their  zoological  characters  alonie ;  that 
is,  by  the  species  of  shells  they  contain.  He  forms 
two  grand  divisions  of  stratified  formations :  — 
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1.  Those  whicii  contain  no  species  of  sIicIU  analo- 
gous to  existing  species.* 

Tiiis  division  is  stated  to  comprise  all  the  secondary 
,  strata. 
^B'  S.  Strata  wliicli  contain  a  greater  or  lesser  number 
^(i.  of  species  analogous  to  existing  species. 
-  -  The  last  division  comprises  all  the  tertiary  form- 
ations. Again  he  subdivides  this  division  into  three 
groups,  according  to  the  greater  or  lesser  proportion 
of  species  of  shells  that  they  each  contain  analogous 
to  living  species. 

In  the  more  ancient  group  he  places  the  tertiary 
formations  of  the  Paris  basin,  the  London  basin,  the 
Isle  of  Wight,  and  of  a  part  of  Belgium,  a  small  part 
of  the  Gironde,  and  the  tertiary  strata  of  the  Vicentin. 

In  the  tertiary  beds  of  this  group,  nearly  fourteen 
hundred  species  of  shells  have  been  found,  of  which 
thirty-eight  species  are  analogous  to  existing  species, 
or  about  three  in  every  hundred.  Only  forty-two  of 
these  species  appear  in  the  upper  tertiary,  and  none 
of  the  Iburteen  hundred  species  found  in  this  group, 
have  any  analogy  with  those  found  in  the  secondary 
strata,  not  even  in  the  most  recent  or  chalk  formation. 

The  second  or  middle  group  comprises  the  marls 
of  Toitraine,  and  other  parts  of  the  Loire,  a  great 
part  of  the  basin  of  the  Gironde,  of  Dux,  of  Austria, 
Hungary,  and  Poland,  and  a  small  portion  of  the  sub- 
Appenine  hills,  in  the  environs  of  Turin.  Geologists 
and  naturalists  had  before  only  admitted  one  group  of 
tertiary  strata  in  Austria  and  Italy. 

Of  nine  hundred  species  of  fossil  shells  found 
in  this  group,  and  compared  by  M.  Deshayes,  one 
hundred  and  sixty  are  analogous  to  living  species, 
or  eighteen  in  every  hundred,  and  one  hundred 
and  thirty  species  have  continued  to  live,  during  the 
formation  of  the  upper  or  more  recent  group. 

The  upper  group  comprises  the  sub-Appenine 
hills,  the  tertiary  strata  of  Sicily,  those  of  the  Morea, 
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the  small  basin  of  Perpignan,  and  the  small 
bordering  the  Mediterranean.  In  this  group  M.  De- 
shayes  is  inclined  to  place  the  Norfolk  crag»  at  least 
until  its  characters  shall  be  better  knoMrn, 

M.  Deshayes  has  recognised  seven  hundred  species 
in  the  upper  group,  of  which  the  greater  half  are 
analogous  to  living  species.  Thirteen  species  alone, 
M.  Deshayes  observes,  have  yet  been  found  comaMni 
in  all  the  three  tertiary  groups,  and  have  resisted  the 
destructive  causes  that  have  successively  mo^fied 
the  organisation  of  submarine  animals.  The  living 
species,  analogous  to  the  fossil  shells  in  the  more 
ancient  and  middle  groups,  are  chiefly  inhabitants  of 
tropical  climates,  whereas  the  greater  number  of 
species  found  in  the  most  recent  group  are  analogous 
to  those  now  living  in  £uropean  seas. 

The  results  of  M.  Deshayes'  researches,  if  fiiUy 
confirmed,  would  establish  the  following  rules  for 
determining  the  relative  ages  of  strata : 

1.  That  in  proportion  to  the  greater  number  of 

fossil  species  in  strata  analogous  to  living 
species,  such  strata  may  be  determined  to  be 
more  recent 

2.  That  a  great  change  in   the   organisation   of 

fossil  species,  and  in  the  proportion  of  the 
number  analogous  to  living  species,  ought  to 
be  considered  sufficient  to  constitute  diferent 
formations. 

3.  That  different  tertiary  basins,  were  not  formed 

or  filled  contemporaneously. 

Before  admitting  the  conclusions  of  M.  Deshayes, 
it  will  be  right  to  pause,  and  consider  well  how  little 
we  know  of  the  inhabitants  of  the  shells  which  are 
divided  by  conchologists  into  such  a  multitude  of 
species,  from  a  trifling  difference  of  form.  Molluscous 
animals,  having  no  internal  skeleton,  appear  to  possess 
great  power  of  adaptation,  and  of  forming  and  re- 
newing their  shells,  according  to  the  circumstances 
in  which  tliey  are  placed.     It  therefore  seems  to  be 
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traveling  far  beyond  tlie  bounds  of  sober  experience, 
to  establish  such  sweeping  generalisations,  on  the 
evidence  of"  shells  alone.  Where  other  concurrent 
evidence  can  be  adduced,  either  from  the  organic 
remains  of  plants,  or  the  higher  classes  of  animals, 
the  presence  or  absence  of  certain  species  of  stiells 
may  serve  conjointly,  as  distinctive  characters  of 
formations ;  we  may  farther  admit,  that  the  greater 
abundance  of  supposed  species  of  shells,  in  any 
formatinn,  analogous  to  existing  species,  implies  that 
the  conditions  under  which  the  strata  were  deposited, 
were  analogous  to  the  present  condition  of  the  globe, 
whether  all  the  shells  designated  as  difleient  species 
were  really  so  or  not. 

Change  of  form,  much  greater  than  what  exists  in 
the  coverings  of  many  testaceous  animals  said  to  be 
of  diiferent  species,  may  be  observed  to  take  place  in 
the  s.ime  species  of  niammil^rous  animals  in  dit^rent 
countries.  Tlie  sheep  of  Africa,  of  Asia,  and  of 
Europe,  present  great  varieties  of  form ;  and  even  ia 
Eiirope,  the  difference  between  one  breed  of  sheep 
and  another,  in  respect  to  form,  size,  or  bonis,  is 
much  greater  than  between  the  forms  of  many  differ- 
ent species  of  shells.  Let  us  suppose  the  race  of  sheep 
to  be  entirely  destroyed  in  some  future  revolution  of 
the  globe,  and  the  skins  and  horns  alone  to  be 
preserved  in  a  fossil  state,  without  any  portion  of  the 
skeleton  or  of  the  hoofs  or  teeth.  The  future 
geologist  or  naturalist  would  have  as  much  reason 
to  establish  specific  distinctions  from  the  fossU  skins, 
as  the  conchologist  has  to  establish  them  from  fossil 
shells.  The  external  covering  is  all  that  can  guide 
either  of  them ;  for  of  the  animals  themselves  the 
conchologist  knows  nothing,  absolutely  nothing,  that 
can  serve  for  a  specific  character.  The  future  dealer 
in  fossils  might  establish  tbrty  species  or  more  of  the 
genus  Ovis.  Thus  he  would  have  his  Oriit  maxinws, 
O.  mediiis,  O.  vimmiix,  O.  hni^'erais,  O.  crinigercns, 
O.  cornutus,  O.  bicornuliis,  O.  tjitadricomutns,  O.  Ion- 
gicaudatus,  O.  pinguicaudatus,  cum  multis  aliis.    Much   ' 
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ingenious  and  learned  speculation  would  doubtless  be 
expended^  to  prove  the  epochs  in  which  each  species 
flourished,  and  to  determine  the  geological  ages  of 
the  homed,  and  the  fat-tailed  sheep. 

Few  persons  ever  made  more  experiments,  for  a 
long  series  of  years,  on  the  change  of  form  and  other 
qu^ities  of  animals,  that  might  be  permanently  pro- 
duced, than  the  late  Mr.  Robert  Bakewell,  of  Dishr 
ley  in  Leicestershire.  I  have  heard  him  say,  that 
he  scarcely  knew  any  assignable  limits  beyond  whicii 
these  changes,  both  external  and  internal,  might  not 
be  carried.  I  am  fully  convinced  that  the  Author  of 
nature  has  established  laws  for  the  preservation  of 
distinct  classes  and  orders  of  animals;  but  be  it 
ever  remembered,  that  these  laws  are  not  limited  by 
the  artificial  classification  of  naturalists.  The  priii«> 
ciple  on  which  Mr.  Bake  well  proceeded  was  this :  -^4- 
He  first  travelled  over  England,  and  part  of  the  con* 
tinent,  to  discover  and  select  animals  of  diflTerent 
kinds,  possessing  certain  peculiarities  of  form,  and 
other  qualities,  which  he  was  desirous  to  render  per- 
manent. By  selecting  two  animals  to  breed  from^ 
which  possessed  the  desired  qualities  in  an  eminent 
degree,  and  afterwards  selecting  from  their  o£&pring 
those  in  which  these  qualities  were  most  conspicuou8» 
and  breeding  again  from  these,  the  peculiarities  were 
farther  increased.  By  continuing  the  same  selection 
through  four  or  five  generations,  he  obtained  races 
that  would  transmit  the  same  qualities  permanently 
to  succeeding  generations.* 

•  Mr.  Bakewe11»  of  Dishley,  was  in  a  considerable  degree  self-edu- 
cated, but  he  possessed  a  strong  original  mind,  which  was  enlightened 
by  study  and  meditation :  he  was  also  a  man  of  great  moral  worth, 
and  was  intimately  acquainted  with  Dr.  Priestley,  Dr.  Darwin,  and 
other  eminent  philosophers  who  inhabited  the  central  parts  of 
England,  towards  the  close  of  the  last  century.  The  late  Countess 
of  Oxford  once  asked  the  author  of  the  present  work,  whether  he 
was  related  to  tlie  Mr.  Bakewell  who  invetited  sheep.  He  replied, 
that  he  was  of  the  same  Leicestershire  or  originally  Derbyshire 
family,  and  that  Mr.  Bakewell  the  inventor  of  sheep  said,  that 
'*  he  felt  satisfaction,  not  in  having  provided  for  the  tables  of  the 
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Some  naturalists  have  maintained,  that  an  addi- 
tional vertebral  bone  was  amply  snfiicient  to  establislx 
a  distinct  species ;  but  the  number  of  vertebrae  are 
not  invariably  the  same  even  in  man.  In  some  of 
the  negro  tribes,  an  additional  vertebral  bone  is  not 
uncommon.  To  apply  what  has  been  said  to  fossd 
conchology  : — The  molluscous  animals  that  inhabit 
and  construct  their  shells,  have  no  internal  skeleton, 
and  must,  therefore,  be  susceptible  of  greater  change, 
and  possess  greater  power  o/'  adaptation  to  circum- 
stances, than  vertebrated  animals,  in  whicli  the  solid 
bones  present  obstacles  to  any  essential  departure 
from  their  original  form. 

Let  us,  however,  imagine  what  is  very  possible ; 
that  a  number  of  individuals  of  one  species  of  bivalve 
or  univalve  shell,  were  driven,  during  a  violent 
storm,  into  a  distant  part  of  tlie  ocean,  wher^  the 
animals  could  no  longer  obtain  their  accustomed 
food,  but  were  still  able  to  support  life  by  aliment  of 
a  somewhat  different  kind.  Let  us  suppose  lliat  the 
annoyances  to  which  they  had  before  been  subject, 
from  natural  enemies  or  other  causes,  were  changed 
for  annoyances  of  another  kind.  Under  these  dif- 
ferent circumstances,  is  it  not  probable  that  the 
animals  themselves  would  undergo  some  change,  and 
modify  the  construction  of  their  shells  in  some  de- 
gree, to  render  them  better  suited  to  the  new  con- 
ditions in  which  they  were  placed?  Thus,  in  the 
course  of  a  tew  generations,  we  should  have  a  race 
which  conchologists  would  call  a  distinct  species. 

Where  a  series  of  tertiary  strata  of  great  depth  are 
exposed  to  observation,  as  in  the  case  of  the  stib- 
Apennine  strata,  we  have  the  evidence  of  position, 
that  the  uppermost  beds  are  the  most  recent;  and  if, 
in  ascending  from  the  lower  to  the  upper  part  of  the 
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h,  but  for  the  fanilliei  of  the  labouring  classes,  to  whom  a 
und  of  his  fut  mutton  over  a  dish  of  potatoes  made  a  ch«ap  and 
itritioua  dinner." 
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series,  we  find  the  proportion  of  the  species  increase, 
that  are  analogous  to  what  now  live  in  the  Mediter- 
ranean, we  obtain  the  evidence  of  position,  to  support 
some  of  the  conclusions  of  M.  Deshayes.  olie 
evidence  from  position  forms,  however,  the  funda^ 
mental  basis  of  our  conclusions  respecting  the  rela- 
tive age  of  the  secondary  and  tertiary  formations ; 
and  we  can  only  proceed  safely  when  we  have  the 
aid  of  this  evidence. 

M.  Elie  de  Beaumont  proposes  a  division  of  the 
tertiary  strata  into  three  groups,  according  to  the 
organic  remains  of  large  mammiferous  animals  which 
they  contain.  He  supposes  that  each  of  these 
groups  indicates  a  period  of  tranquillity,  intermediate 
between  two  periods  of  change  and  convulsion ;  and 
that  each  generation  of  animals  was  destroyed  by  a 
different  convulsion.  His  first  period  extends  to  the 
marls  above  the  gypsum,  in  the  Paris  basin.  Tlie 
second  to  the  Fontainebleau  sandstone,  the  upper 
freshwater  formation,  the  calcareous  beds  at  the 
mouth  of  the  Rhine,  and  the  molasse  of  Switzerland. 
The  third  period  extends  to  the  diluviun  (terrain  de 
transport)  of  Bresse,  to  the  beds  of  CEningen,  the 
sandstone  of  Aix,  the  upper  marine  fonnation  of 
Montpellier,  and  the  ranges  of  sub-Apennine  hills  in 
Italy,  to  the  tertiary  beds  of  Sicily,  and  to  the  Crag 
of  Suffolk. 

The  first  or  lowest  group  is  characterised  by  the 
remains  of  Paleotheria ;  the  second,  by  those  of  mas- 
todons ;  and  the  third,  by  the  remains  of  elephants. 
It  is  admitted,  however,  that  in  marine  tertiary  de- 
positions, these  periods  seem  to  pass  insensibly  into 
each  other.  In  the  marls  of  the  Loire,  and  the  cal- 
careous beds  of  Montpellier,  thq  bones  of  the  Paleo- 
therium  are  found  mixed  with  bones  of  the  mastodon 
and  hippopotamus ;  and  in  the  Plaisantin,  the  bones 
of  the  elephant  are  added  to  the  above.  Without 
admitting  at  present  that  the  division  of  M.  E.  de 
Beaumont  is  supported  by  sufficient  evidence  (and 
the  exceptions  stated  prove  that  it  is  not),  yet  we 
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may  still  allow  that  there  is  a  considerable  degree 
of  probability,  that  each  of"  the  three  genera  of 
animals,  flourished  most  at  the  tUfFerent  epochs  he  has 
stated,  but  not  exclusively  of  other  genera.  In 
England,  we  have  only  a  few  traces  of  animals  of  the 
Paleotherian  a^e  ;  these  occur  in  the  freshwater 
formation  at  Binstcad,  in  the  Isle  of  Wight:  and  in 
the  second  group  we  have  only  two  known  instances; 
they  occur  in  the  Crag,  in  which  two  teeth  of  the 
mastodon  have  been  found.  In  the  third,  or  ele- 
phantine group,  we  have  numerous  instances;  for 
teeth  and  bones  of  elephants  have  been  found  in 
clay,  marl,  or  gravel,  in  almost  every  county  in  Eng- 
land. The  instances  cited  above,  in  the  two  lower 
groups,  are  too  few  to  support  any  hypothesis ;  but 
it  is  only  fair  to  admit,  that,  conjointly  with  the  ele- 
phants in  the  third  group,  tbey  are  conformable  to 
the  divisions  of  M.  E.  de  Beaumont.  Should  these 
divisions  be  more  fully  confirmed,  we  must  range  the 
strata  of  Alpnach  not  in  the  lower,  but  in  the  middle 
group  of  tertiary  strata. 

In  a  work  like  the  present,  it  would  not  be  possible 
or  desirable  to  follow  the  French  and  German  geolo- 
gists, in  their  descriptions  of  the  different  basins  that 
contain  the  upper  tertiary  or  quaternary  strata,  sup- 
posed to  be  superior  to  any  of  the  tertiary  beds  in 
the  Paris  basin,  or  in  England  ;  but  the  most  remark- 
able of  these  formations  may  be  noticed  :  —  "  The 
Faluns,  or  marls  of  Touraine  and  the  Loire,  constitute 
an  extensive  formation  oi"  marl  beds,  which  are  now 
admitted  to  be  of  later  date  than  the  most  recent  of 
the  freshwater  beds  in  the  Paris  basin.  From  the 
soft  quality  of  the  marl,  it  might  hence  be  inferred 
that  the  beds  had  been  disturbed  or  changed  by 
inundations,  or  might  be  classed  with  diluvial  beds; 
but  they  are  regular  depositions,  formed  during  an 
epoch  of  tranquillity,  and  subjected  to  laws  of  which 
the  action  is  continued  on  the  present  shores.  The 
great  mass  of  fossil  shells  which  these  beds  contain, 
pjfler  from  those  of  the  Paris  basin  :  in  nearly  four 
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hundred  species,  there  are  only  about  twenty  identical 
with  the  Paris  fossils.  The  terrestrial  and  river  shells 
are  in  the  same  state  of  mineralisation  as  the  marine 
shells.  The  bones  of  the  mastodon,  rhinoceros,  and 
hippopotamus,  are  in  the  same  state  of  preservation 
as  those  of  whales,  and  other  cetaceous  animals,  with 
which  they  are  intermixed.  They  are  coated  with 
marine  polypi  and  serpulae,  which  proves  that  they 
were  long  covered  by  a  tranquil  and  stationary  sea. 
These  Faluns  are  distinct  from  the  tertiary  beds  of 
the  Seine,  and  more  recent  than  any  of  them ;  but 
they  are  themselves  the  lowest  term  of  a  new  system, 
more  important,  more  extensive,  than  the  formations 
of  the  Paris  or  London  basins,  and  which  has  been 
continued  to  the  present  epoch,  during  all  the 
numerous  up-heavings  of  the  ground,  the  changes  in 
the  relative  level  of  seas  and  continents,  and  the  suc- 
cessive modifications  of  organic  beings,*'  —  Bulletin 
de  la  SociStS  Geologique  de  France^  1831-32,  torn.  ii. 

It  is  stated  that  the  lowest  bed  of  the  Faluns,  rests 
upon  a  bed  analogous  to  the  upper  part  of  the  Plans 
basin,  which  is  supposed  to  have  extended  so  far.  If 
this  were  clearly  made  out,  we  should  have  the  evi- 
dence of  position,  as  well  as  of  organic  remains,  to 
determine  the  relative  age  of  the  Faluns  of  the  Loire, 
which  is  supposed  to  be  the  age  of  mastodons.  In 
opposition  to  this,  I  have  part  of  the  tooth  of  an 
elephant,  which,  in  the  hand  writing  of  Faujas  St. 
Fond,  is  said  to  have  been  found  at  Montmartre,  and 
is  evidently  from  the  marl  beds.  Here,  then,  we 
have  remains  of  an  animal  of  the  most  recent  tertiary 
age,  occurring  in  a  formation  more  ancient  than  the 
age  of  mastodons.  Such  instances  should  lead  us  to 
receive  the  evidence  from  animal  remains  alone  with 
much  caution.  Indeed,  there  is  good  reason  to  be- 
lieve, that  in  North  America,  the  age  of  mastodons 
was  continued  to  nearly  the  present  epoch,  if  the 
animal  be  not  still  living  in  some  of  the  unexplored 
recesses  of  that  vast  continent. 

The  range  of  mountoins  in  Italy,  called  the  Apen- 
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nines,  that  rise  in  some  parts  to  the  height  of  from 
six  to  eight  thousand  feet,  and  extend  north  and 
s04ith  from  the  borders  of  Piedmont  to  Calabria,  are 
accompanied,  both  on  the  Adriatic  and  Mediter- 
ranean flanks  by  ranges  oJ'  lower  hills,  which  have, 
from  tlicir  position,  received  the  name  of  sub-Apen- 
nine.  The  sub-Apcnnine  lulls  rise  to  tlie  height  of 
from  one  to  two  thousand  feet;  tliey  are  composed 
of  tertiary  beds  of  marl,  sand,  clay,  and  calcareous 
tufa,  and  abound  in  marine  shells,  many  of  which 
are  identical  with  existing  species  in  the  Mediter- 
ranean sea,  or  witli  other  existing  species  of  tropical 
climates.  It  is  observed  that  the  upper  beds  contain 
the  greatest  proportion  of  sjiecies  similar  to  what 
exist  in  the  neighbouring  seas.  The  sub-Apennine 
beds  rest  nncontbrmably  upon  tiie  inclined  beds  of 
the  Apennine  range.  It  has  been  ascertained  by 
dredging  the  bed  of  the  Adriatic  sea,  that  there  are 
beds  now  forming  at  the  bottom,  which  closely  re- 
semble beds  in  the  sub-Apennine  hills,  more  than  a 
thousand  feel  high.  There  can  be  no  doubt  that 
these  sub-Apennine  beds  have  once  formed  the 
bottom  of  an  ancient  sea,  and  have  been  raised  to 
their  present  elevation  by  subterranean  action.  The 
occurrence  of  numerous  volcanic  vents,  in  the  whole 
of  that  part  of  Italy,  can  leave  little  doubt  respecting 
the  agent  by  which  this  elevation  has  been  etiected. 
In  the  third  edition  of  this  work,  I  had,  on  the 
authority  of  M.  Brongniart,  referred  a  great  part  of 
the  sub-Apennine  beds  to  the  upper  marine  sand- 
stone of  the  Paris  basin,  above  the  gypseous  marl. 
Whether  any  portion  of  the  sub-Apennine  strata 
belong  to  the  same  epoch  as  the  upper  strata  in  the 
Paris  basin,  may  be  doubtful ;  but  we  may  safely 
infer,  both  from  their  organic  remains  and  position, 
that  the  superior  sub-Apennine  beds,  belong  to  a  far 
more  recent  epoch  tlian  that  in  which  tlie  tertiary- 
strata  round  Paris  and  in  England  were  deposited. 
Mr,  Lyell,  who  has  recently  examined  this  interesting 
rsDge  of  tertiary  hills,  and  from  whom  geologists 
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may  expect  much  valuable  information  respecting 
them,  has  extended  his  researches  into  Sicily,  where 
he  found  that  **  there  were  many  places  in  which  the 
extinct  species  had  nearly  disappeared ;  and  that  amid 
vast  accumulations  of  marine  shells^  entering  into  the 
composition  of  mountains  of  no  inconsiderable  alti- 
tude, nearly  all  were  specifically  identical  with  those 
now  inhabiting  the  adjoining  sea."  According  to 
the  principles  of  M.  Deshayes,  these  Sicilian  beds 
must  be  more  recent  than  the  sub-Apennine. 

One  thousand  species  of  shells  have  been  collected 
by  Signor  Guidotto  from  the  sub-Apennine  beds;  and 
if  the  rules  laid  down  by  M.  Deshayes,  respecting  this 
formation,  can  be  relied  upon,  the  greater  number  of 
the  species  of  shells  belong  to  existing  species ;  and  of 
these  the  greater  proportio7i  belong  not  only  to  existing 
species,  but  to  species  inhabiting  the  neighbouring 
sea.  In  Sicily,  however,  we  approach  much  nearer  to 
the  present  state  of  things,  as  nearly  all  the  shells  in 
the  tertiary  strata  are  identical  with  living  species, 
and  probably  existed  under  similar  conditions  of  tem- 
perature, &c.  to  what  these  latitudes  are  now  sub- 
jected to.  Approaching  the  northern  termination  of 
the  sub-Apennine  range  at  Sienna,  Parma,  and  Asti, 
(according  to  Mr.  Lyell,)  the  proportion  of  species 
identifiable  with  those  now  living  in  the  Mediter- 
ranean is  still  considerable;  but  it  no  longer  pre- 
dominates (as  in  the  south  of  Italy)  over  the  unknown 
species. 

As  these  sub-Apennine  hills,  resting  on  each  side 
of  the  Apennine  range,  were  formed  under  the  sea, 
they  must  have  been  elevated  together  with  the 
Apennine  range,  subsequently  to  their  deposition. 
Before  this  period,  the  Apennines  were  consequently 
much  lower,  and  formed  a  narrow  mountainous  pen- 
insula extending  into  the  Mediterranean.  Their 
sides  were  probably  clothed  with  forests,  and  afforded 
food  and  shelter  to  the  elephants  and  other  large 
mammalia,  tliat  have  left  their  bones  so  abundantly 
in  some  of  the  present  valleys,  particularly  in  the 
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vale  of  Arno.  These  valieys,  it  is  supposed,  were 
once  the  beds  of  ancient  freshwater  lakes,  in  which 
depositions  were  forming  at  the  same  time  as  tlie 
marine  depositions  were  taking  place,  which  consti- 
tntc  the  beds  of  the  sub-Apennine  range.  By  the 
observations  of  M.  Bertraiid  GesHn,  published  in  the 
Journal  dc  Geologic,  t.  iii.,  it  would  appear,  that  be- 
tween the  source  of  the  Arno  and  Florence,  three 
distinct  basins  can  be  traced.  The  beds  of  these 
basins  are  composed  oi'  argillaceous  blue  marl  of 
considerable  thickness,  containing  fossils  in  the  upper 
part  of  the  marl.  Above  this  are  beds  of  sand,  con- 
taining numerous  bones  of  large  mammalia.  These 
sands  are  covered  by  beds  of  rolled  siliceous  pebbles, 
intermixed  wirli  sand,  above  which  there  is  a  bed  of 

f'ellow  argillaceous  sand.  The  pebbles  appear  to 
lave  been  derived  from  tlic  mountainous  range  on 
the  north.  Neither  remains  of  marine  shells  nor 
lignites  occur  in  these  depositions.  The  animal  re- 
mains in  the  upper  valley  of  tlie  Arno  are  those  of 
tlie  elephant,  as  oftlielar^e  hippopotamus,  the  rhino- 
ceros, the  tapir,  the  deer,  the  horse,  and  the  ox. 
There  are  also  bones  of  carnivorous  animals  belong- 
ing to  the  hyena,  the  bear,  the  fox,  and  some  species 
allied  to  the  tiger.  From  the  character  of  the  animal 
remains  we  may  infer,  that  these  freshwater  depositions 
are  of  a  comparatively  recent  date  ;  they  were,  pro- 
bably, coeval  with  the  uppermost  marine  beds  in  the 
sub-Apenninc  hills.  The  beds,  both  in  the  sub- 
Apennine  hills,  and  in  the  \Tillcys  of  the  Apen- 
nines,  consist  principally  of  marl,  sand,  and  loosely 
adhering  materials  ;  hence  they  are  exposed  to  rapid 
degradation.  On  the  north-east  side  of  the  Apenninu 
range,  in  the  district  of  Placenza,  there  is  a  marine 
deposition  deserving  particular  notice,  from  the  ex- 
traordinaiy  mixture  of  animal  remains  which  have 
been  found  in  it,  and  are  at  present  jireserved  in  tlie 

Kuseum  at  Mdan. 
A  iriend  of  the  author,  S.  BanfiU,  Esq.  of  Exeter, 
io  visited  the  Museum  the  Jast  spring,  obtaiactl 
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from  the  director  of  that  institution,  an  account  cf 
the  principal  organic  remains  from  this  deposition, 
with  a  brief  notice  of  the  locality,  of  which  the 
following  is  a  translation :  •— 

**  Organic  remains  from  near  Castello  Arquata,  in 
the  neighbourhood  of  the  ancient  Velleja,  in  the 
district  of  Placenza. 

"  A  pretty  extensive  collection  of  shells. 

"  A  small  whale,  entire. 

<<  A  portion  of  another  whale,  of  a  larger  species. 

<<  The  entire  skeleton  of  an  elephant,  united  to- 
gether. 

**  The  head  of  a  rhinoceros,  with  some  bones. 

**  Two  skeletons  of  dolphins. 
"  They  were  all  found  in  a  confined  space,  in  the 
midst  of  marine  mud,  deposited  in  a  tranquil  sea,  at 
the  present  height  of  thirteen  hundred  feet."  The 
director  adds,  <^  This  singular  geological  combin- 
ation, comprehending  organic  vestiges  of  every  lati- 
tude, resembles  that  recently  discovered  in  New 
Siberia,  at  Behring*s  Straits.  Many  eminent,  writers 
have  spoken  of  it ;  among  others,  the  brothers  Bond! 
were  some  of  the  first  who  noticed  it ;  and  Signor 
Corlesi,  a  landed  proprietor  at  Castello  Arquata,  and 
author  of  *  Geological  Essays  on  the  States  of  Parma;' 
also  Signor  Brochi,  in  his  Sub-Apennine  Fossil  Con- 
chology.\* 

The  occurrence  of  the  remains  of  large  terrestrial 
and  of  marine  mammalia  in  the  same  deposition 
may  admit  of  an  easy  explanation,  by  observing 
what  has  taken  place  in  some  parts  of  England. 
On  the  Sussex  coast,  there  was,  at  no  remote  pe- 
riod of  history,  an  estuary  extending  inland  from 
Newhaven  to  near  Lewes.  This  estuary  is  now  filled 
up,  and  forms  a  level  meadow,  through  which  the 
river  winds  its  way  to  the  sea.  It  is  not  difficult  to 
explain  how  the  filling  up  of  the  estuary  was  effected: 
the  immense  mass  of  loose  pebbles  or  shingles  which 
lie  upon  the  Sussex  coast,  change  their  position  dur- 
ing  vicdent  storms,  and  are  accumulated  in  new  situ- 
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ations.  A  drift  of  pebbles,  forming  a  bank  or  bar 
near  the  mouth  of  the  estuary,  would  prevent  tlie 
sudden  return  of  the  sea  after  each  tide,  and  retahi 
the  water,  until  it  had  deposited  the  mud  and  sand 
which  it  contained.  Thus,  the  estuary  would  gradu- 
ally become  shallower,  and  its  dimensions  would  con- 
tract from  year  to  year.  The  waters  of  the  river  and 
rividets  which  flowed  into  the  estuary  would  also 
contribute  their  depositions  of  freshwater  mud. 

By  the  joint  operation  of  these  causes,  the  estuary 
would  be  hrst  converted  into  a  marsh ;  and  when  the 
drainage  was  more  complete,  this  marsh  was  con- 
verted into  a  plain  or  meadow.  Sy  sinking  beneath 
the  soil,  the  various  depositions  of  silt,  sand,  and  vege- 
table matter,  prove  the  means  by  wliich  the  estuary 
was  fliled.  At  a  considerable  depth,  large  vertebrse 
of  a  whale  were  discovered,  and  are  now  in  the 
museum  of  Mr.  Mantel),  at  Lewes.  Instances  of 
whales  entering  estuaries  at  high  tides,  and  being  un- 
able to  return  at  low  water,  are  of  not  very  unfrcquent 
occurrence  on  tlie  coiLst  of  Great  Briuiin.  Let  us 
suppose  the  sides  of  the  hills  bounding  the  estuary 
near  Newhaven  to  have  at!brde(l  herbage  for  deer 
and  oxen;  their  bodies  or  bones  might  be  washed 
down  into  the  estuary,  and  thus  we  should  have  all 
the  conditions  required  for  the  intermixture  of  the 
large  bones  of  terrestrial  and  marine  animals.  Let 
us  farther  suppose,  that  subterranean  fire,  like  thqt 
which  exists  under  various  parts  of  Italy,  should  up- 
heave the  chalk  hills  of  the  Sonth  Downs,  and  all  the 
surrounding  country,  to  the  height  of  two  thousand 
feet  above  the  present  level :  the  bed  of  the  New- 
haven  estuary  would  then  resemble,  in  all  its  essential 
characters,  the  deposition  at  Castcllo  Arquata,  in  Italy. 
The  freshwater  strata  at  Qiuingen,  near  Constance, 
C  perhaps,  the  most  recent  of  all  that  have  been 
[escribed  as  tertiary  or  quaternary  formations.  Quar- 
ries have  for  many  years  been  worked  in  these  strata, 
and  they  have  been  long  celebrated  for  the  great 
variety  of  organic  remains  which  they  contain,  con- 
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sisting  of  quadrupeds,  birds,  a  vast  number  of  fishesy 
reptiles,  insects,  and  innumerable  plants;  These 
quarries  were,  for  a  considerable  time,  supposed  to. 
contain  human  skeletons :  it  has  been  ascertained  by 
Cuvier,  that  the  bones  belonged  to  the  aquatic  sala^ 
mander,  an  animal  nearly  resembling  the  lizard  in 
form.  The  body  is  about  four  feet  in  length,  and  it 
had  beside  a  long  tail.  One  of  these  skeletons  is 
in  the  British  Museum.  The  strata  are  chiefly  in- 
durated calcareous  marl,  and  freshwater  limestone  or 
marlstone.  Mr.  Murchison,  who  has  lately  visited 
the  quarries  at  CEningen,  and  brought  from  thence 
the  entire  skeleton  of  a  fossil  fox,  has  given  a  brief 
but  very  clear  description  of  this  formation  :  — 

"  The  Rhine,  in  its  course  from  Constance  to 
SchafFhausen,  flows  for  many  miles  in  a  depression  of 
the  molasse  (or  sandstone),  which  being  cut  through 
transversely,  is  exposed  in  hills  on  both  banks,  at 
heights  varying  from  seven  to  nine  hundred  feet 
These  hills,  consisting  of  micaceous  sandstone  and 
conglomerate,  from  the  western  prolongation  of  that 
great  range  of  tertiary  deposits,  which  extends  along 
the  flanks  of  the  Austrian  and  Bavarian  Alps,  and 
has  been  described  by  Professor  Sedgwick  and  my- 
self. The  marls  and  limestone  of  CEningen  are  re- 
cumbent on  the  molasse,  and  they  are  seen  in  various 
patches  on  the  sides  of  the  hills,  and  are  worked  in 
two  quarries  at  different  elevations  above  the  Rhine. 
The  lowest  is  about  two  hundred  feet  above  the  level 
of  the  Rhine;  the  highest  is  about  six  hundred 
feet  above  its  level.  The  marl  beds  in  both,  rest  on 
molasse,  which  forming  the  bottom  of  the  basin,  is 
exposed  beneath  the  lower  quarries  in  the  denudation 
of  the  Rhine,  and  rises  behind  them  into  the  hills  of 
Schienen.  It  would,  therefore,  appear,  that  the 
valley  in  which  the  Rhine  now  flows  was,  at  a  remote 
period,  deeply  excavated  in  the  molasse;  and  that 
subsequently  a  lake  was  formed  in  one  of  the  broader 
parts  of  the  valley,  in  which  marls  and  limestones 
were  deposited.     The  nature  of  the  organic  remains, 


OF  CBNfNGEN.  365 

and  their  deposition  in  successive  layers,  not  only 
prove  the  long  period  of  time  which  must  have 
elapsed  during  their  accumulation,  but  also  demon- 
strate the  lacustrine  origin  of  the  deposit** 

Mr.  Murchison  has  annexed  some  judicious  ob- 
servations on  the  relative  geological  age  of  the 
tertiary  limestone  of  CEningen :  —  "  From  the  inter- 
ftiixture  of  species  undistinguishable  from  those  now 
existing,  with  others  decidedly  extinct,  this  deposit 
may  be  considered  as  an  important  link  in  the  history 
of  the  earth's  structure ;  indicating  an  intimate  con- 
nection between  the  ancient  state  of  nature,  and  that 
which  now  prevails. 

"  The  deposit  differs  essentially  in  its  organic  re- 
mains, from  any  other  freshwater  formation,  either  in 
France  or  in  the  adjacent  regions  of  Germany :  from 
its  superposition  over  tertiary  sandstone  (molasse), 
this  formation  must  be  regaraed  as  one  of  the  most 
recent.  Yet  recent  as  must  have  been  the  (geolo- 
gical) epoch  of  this  formation,  the  basin  in  which  it 
was  deposited  has  subsequently  been  re-excavated  to 
a  considerable  depth :  the  proof  of  which  is,  that 
horizontal  beds  still  present  escarpments  several 
hundred  feet  above  the  Rhine,  without  any  barrier 
between  them  and  that  river.** 

As  no  bones  of  elephants  or  mastodons  have  been 
discovered  in  the  strata  of  CEningen,  and  as  the 
plants  and  animals  for  the  most  part  resemble  exist- 
ing species,  it  is  reasonable  to  believe  that  the  mean 
temperature  of  this  part  of  the  globe  had  considerably 
decreased,  and  that  the  country  round  CEningen  could 
no  longer  support  the  plants  and  animals  of  tropical 
climates. 

The  strata  of  CEningen  may  be  regarded  as  pos- 
terior to  many  of  the  beds  or  accumulations  of  clay, 
sand,  and  gravel,  in  England  and  other  countries,  that 
contain  the  remains  of  elephants,  hippopotami,  and 
otiier  inhabitants  of  warm  regions.  These  beds 
(called  diluvial  and  alluvial),  together  with  vast 
tracts  of  moveable  sand,  cover  no  small  portion  of 
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our  present  continents :  they  may  be  regarded  as  the 
loose  vestments  of  the  globe.  Their  description  will 
be  deferred  till  we  complete  the  account  of  the  fixed 
and  solid  parts,  presented  to  observation  by  volcanoes^ 
and  the  repositories  of  metallic  ores. 


The  county  of  Norfolk  appears  to  be  the  Uttima 
Thule  of  English  geologists,  who  know  less  of  the 
crag  of  that  county  and  of  Suffolk  than  would  pro- 
bably have  been  the  case,  had  its  locaHty  been  be- 
yond the  Carpathian  mountains.  I  have  never  had 
an  opportunity  of  examining  this  singular  formation, 
and  scarcely  any  thing  was  known  respecting  it 
before  Mr.  Taylor's  account  was  published  in  1827. 
We  may,  however,  soon  expect  a  more  full  and  satis- 
factory description  of  the  crag,  in  Mr.  Samuel  Wood- 
ward's forthcoming  volume  on  the  Geology  of  Nor- 
folk. While  the  present  sheet  was  passing  through 
the  press,  I  received  from  that  gentleman  the  follow- 
ing account  of  the  extent  of  the  crag  :  —  Its  western 
boundary  may  be  traced  from  near  Weyborn,  on  the 
northern  coast,  to  Norwich,  and  from  thence  to  Bun- 
gay ;  and  from  this  place  a  line  drawn  along  the  map 
of  Suffolk  to  Halesworth,  Wickham-market,  Wood- 
bridge,  and  Ipswich,  gives  its  western  outline  in  t!  t 
county.  The  eastern  boundary  of  the  crag  trends  off 
to  the  sea. 
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CHAP,  xviir. 

ON  EARTHQUAKES  AND  VOLCANOES. 

Phenomena  that  precede  the  Shock  of  an  Eartliquake.  —  Extent 
to  which  the  \Vaiers  i[i  Lakes  and  Springs  are  agitated  during 
Earthijuakea.  —  Extent  to  which  Earthquukes  pre  felt  on  Land. 

—  More  severe  in  Mountains  than  in  level  Countries Con- 
nection between  Earthquakes  and  Volcanoes.  —  Electrical 
Earthquakea.  —  iPirst  Appearance  of  a.  Volcano.  .—  Common 
Phenomena  attending  Volcanic  Eruptions.  —  Itcmarkable  Erup- 
tion of  Sumbawa  in  1815.  —  Long  Periods  of  Repose  in  some 
Volcanoes.  —  Volcano  of  Popocateptl  in  Mexico.  —  Submarine 
Volcanoes  ;  tJieir  Appearance  preceded  by  violent  Agitation  of 

^tiae  Sea.  —  Submarine  Volcanoes  in  the  Aiores  —  in  the  Grecian 
^rchipelago.  —  Recent  Submarine  Volcano  near  Sicily.  — 
Craters  of  Eruption.  —  Craters  of  Elevation.  —  Theory  of  Von 
'Buch  confirmed  by  analogous  Geological  Facts.  —  Eruptinns  of 
IMud  and  Water  from  Volcanoes.  —  Groups  of  Volcanic  Islands. 
}?-Fall  and  Extinction  of  a  Volcano. .— Vast  Extent  of  tome 
jncicnt  Volcanoes. —  Extinct  Volcanoes  of  Central  France. — 
■iou,  the  beat  preserved  of  ancient  Volcanoes.  — 
Extinct  Volcanoes  in  Germany  and  Asia. —  Pseu  do- Vol  canoes. 

—  Volcanic  Rocks  and  Products.  —  Observations  on  Voltante 
Fire. 

Accustomed  to  view  the  liills  in  our  own  country  in 
a  .state  of  profound  repoae,  presenting  the  same  un- 
varieil  outline  in  each  succeeding  year,  we  can 
scarcely  conceive  the  possibility  of  a  whole  district 
being  covered  with  new  mountains  and  another  soil 
in  the  space  of  a  single  night;  yet  such  changes 
have  hcen  produced,  by  the  united  agency  of  earth- 
quakes  and  volcanoes,  within  the  limits  of  authentic 
history.  For  a  particular  description  of  recent  vol- 
canic eruptions,  and  the  changes  they  have  produced 
on  the  surrounding  countries,  I  must  refer  the  reader 
to  the  works  of  Spallanzani,  Dolomieu,  Sir  William 
Hamilton,  and  RI.  Humboldt,  and  to  the  recent 
account  of  tlie  Island  of  Java,  by  Lieutenant-Go- 
—vernor  Raffles. 
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In  the  present  chapter  I  propose,  1st,  to  describe 
those  phenomena  that  indicate  the  connection  be- 
tween earthquakes  and  volcanoes,  and  between  the 
volcanoes  in  distant  countries ;  2dly,  to  take  a  view 
of  the  most  remarkable  recent  volcanic  eruptions, 
and  of  the  remains  of  ancient  volcanoes,  that  prove 
the  extensive  action  of  internal  heat  on  the  crust  of  ■ 
the  globe;  and,  Sdly,  to  give  a  concise  account  of- 
volcanic  rocks  and  products. 

Earthquakes  and  volcanoes  may  be  considered  as 
different  effects  produced  by  the  agency  of  subter- 
ranean fire.  They  frequently  acccompany  each  other ; 
and  in  all  instances  that  have  been  observed,  the  first ' 
eruption  of  a  volcano  is  preceded  by  an  earthquake ' 
of  greater  or  less  extent.     Volcanoes  do  not  make* 
their  appearance  in  every  country  where  the  shock  oP 
an  earthquake  is  felt :  but  earthquakes  are  more  fre- 
quent in  volcanic  districts  than  in  any  other.     Earths  * 
quakes  are  almost  always  preceded  by  an  uncomnrMn » 
agitation  of  the  waters  of  the  ocean,  and  of  lakels. ' 
Springs  send  forth  torrents  of  mud,  accompanied  with 
a  disagreeable  stench.    The  air  is  generally  calm,  but 
the  cattle  discover  much  alarm,  and  seem  to  be  in- 
stinctively aware  of  approaching  calamity.     A  deep  » 
rumbling  noise,  like  that  of  carriages  over  a  rough ' 
pavement  —  a  rushing  sound  like  wind  — ^  or  a  tre-  ' 
mendous  explosion   like  the  discharge  of  artillery* 
—immediately  precede  the  shock,   which  suddenly  * 
heaves  the  ground  upwards,  or  tosses  it  from  side  to 
side,  with  violent  and  successive  vibrations.     The 
shock  seldom  lasts  longer  than  a  minute;  but  it  is 
frequently  succeeded  by  others  of  greater  or  liess  ■ 
violence,  which  continue  to  agitate  the  surface  of  the  ' 
earth  for  a  considerable  time.     During  these  shocks,  * 
large  chasms  and  openings  are  made  in  the  ground,  « 
through  which  smoke  and  flames  are  seen  to  issue : 
these  sometimes  break  out  where  no  chasms  can  be 
perceived.     More  frequently  stones,   or  torrents  of 
water,  are  ejected  from  these  openings.     In  violent 
earthquakes,  the  chasms  are  so  extensive,  that  laf*ge  ■ 
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cities  have  in  a  moment  sunk  down  and  for  ever 
disappeared,  leaving  a  lake  of  water  in  the  place* 
Such  was  the  fate  of  Euphemia  in  Calabria,  in  I638t 
as  described  by  Kircher,  who  was  approaching  the 

{>lace,  when  the  agitation  of  the  ocean  obliged  him  to 
and  at  Lopizicum.  "  Here,"  says  he,  "  scenes  of 
ruin  every  where  appeared  around  me :  but  my 
attention  was  quickly  turned  from  more  remote  to 
contiguous  danger,  by  a  deep  rumbling  sound,  which 
every  moment  grew  louder.  The  place  where  wc 
stood  shook  most  dreadfully.  After  some  time,  tlie 
violent  paroxysm  ceasing,  I  stood  up,  and  turning  my 
eyes  to  look  for  Euphemia,  saw  only  a  frightful  black 
cloud.  We  waited  till  it  had  passed  away^  wiien 
nothing  but  a  dismal  and  putrid  lake  was  to  be  seen 
where  the  city  once  stood.** 

The  extent  to  which  earthquakes  produce  sensible- 
effects  on  the  waters  of  springs  and  lakes  in  distant 
parts  of  the  world,  is  truly  remarkable.  During  the 
earthquake  of  Lisbon,  in  17^9  almost  all  the  springs 
and  lakes  in  Britain,  and  every  part  of  Europe,  were 
violently  agitated,  many  of  them  throwing  up  mud 
and  sand,  and  emitting  a  foetid  odour.  On  the  mom* 
ing  of  the  earthquake,  the  hot  springs  at  Toplitz,  in 
Bohemia,  suddenly  ceased  to  flow  for  a  minute,  and 
then  burst  'forth  with  prodigious  violence,  throwing 
up  turbid  water,  the  temperature  of  which  was  higher 
than  before:  it  is  said  to  have  continued  so  ever 
since.  The  hot  wells  at  Bristol  were  coloured  red, 
and  rendered  unfit  for  use,  for  some  months  after- 
wards. Even  the  distant  waters  of  Lake  Ontario  *, 
in  North  America,  were  violently  agitated  at  tlie 
time.  These  phenomena  offer  proofs  of  subterranean 
communications  under  a  large  portion  of  the  globe ; 
they  also  indicate,  that  a  great  quantity  of  gas  or 


*  It  has  been  observed  during  many  earthquakes  in  the  Eastern 
States,  that  the  subterranean  noise  and  motion  appeared  to  com- 
mence from  the  Lakes,  and  proceed  towards  the  Atlantic  Ocean, 
in  a  direction  from  the  north-west 
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elastic  vapour  was  suddenly  generated  and  endeavour* 
ing  to  escape.  From  the  foetid  odour  perceived  in 
some  situations,  it  may  be  inferred  that  this  gas  is 
hydrogen  or  sulphuretted  hydrogen.  In  other  in- 
stances it  may  be  steam,  which  condensing  again 
would  produce  a  vacuum,  and  occasion  the  external 
air  to  press  downwards ;  this  has  been  observed  in 
mines,  immediately  after  the  shock  of  an  earthquake* 

The  space  over  which  the  vibration  of  the  dry 
ground  is  felt  is  very  great,  but  generally  wider  in 
one  direction  than  another  ;  and  where  a  succession 
of  earthquakes  has  taken  place  in  the  same  district,  it 
is  observed  that  the  noivse  and  shock  approach  from 
the  same  quarter.  It  has  been  before  mentioned^ 
that  earthquakes  are  most  frequent  in  volcanic  difri 
tricts  ;  but  the  shocks  are  not  the  most  violent  in  the 
immediate  vicinity  of  volcanoes.  On  the  contrary, 
they  are  stronger  in  the  more  distant  part  of  a  volcanic 
country.  The  ground  is  agitated  with  greater  force^ 
as  the  surface  has  a  smaller  number  of  apertures 
communicating  with  the  interior.  "  At  Naples  and 
Messina,  and  at  the  foot  of  Cotopaxi  and  Tungura* 
hua,  earthquakes  are  only  dreaded  when  vapoui*s  and 
flames  do  not  issue  from  the  craters."  —  Humboldt. 

The  connection  of  earthquakes  with  volcanoes  was 
noticed  by  ancient  writers,  and  the  latter  were  pra» 
perly  regarded  as  the  openings  through  whicli  tlie 
inclosed  vapour  and  ignited  matter,  that  occasion 
earthquakes,  found  a  passage.  Strabo,  in  his  Geo- 
graphy, states,  that  **  the  town  of  Regium,  situated 
on  the  Italian  side  of  the  Straits  of  Messina,  was  so 
called,  according  to  -^schylus,  from  the  circumstance 
that  the  island  of  Sicily  was  rent  ojOf  from  the  con* 
tinent  by  earthquakes.  Proofs  of  this  arise  out  of 
the  phenomena  attending  ^tna,  and  other  parts  of 
Sicily  and  of  the  Lipari  Islands,  and  even  the  op- 
posite  continent.  Now,  indeed,  when  craters  are 
opened,  through  which  fire  and  ignited  matter  and 
water  are  poured  out,  it  is  said  that  the  land  near  the 
Straits  is  seldom  shaken  by  earthquakes:  but  fbiv 
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merly,  when  all  the  passages  to  the  surface  were 
obstructed*  the  fire  and  vapour  confined  in  the  earth 
occasioned  frequent  earthquakes,  and  the  land,  being 
rent,  admitted  the  ocean.  At  the  same  time,  Pro* 
eh}rta  and  an  adjacent  island  were  also  torn  off  from 
the  continent,  while  other  islands  rose  from  the 
ocean,  as  frequently  happens  at  this  day."  —  (Strabo 
flourished  in  the  reign  of  Augustus.) 

It  is  hiffhly  probable  that  every  extensive  earth- 
quake is  followed  by  a  volcanic  eruption  more  or  less 
remote,  unless  (as  not  unfrequently  happens)  the 
elastic  vapour  immediately  escapes  from  fissures  made 
at  the  time,  in  the  countries  that  are  the  most  vio- 
lently convulsed.  An  earthquake  waa  strongly  felt 
in  Geneva  when  I  was  there,  February  19.  1822,  and 
did  considerable  damage  in  several  towns  and  villages 
ki  Savoy  and  France.  A  few  weeks  afterwards,  I 
travelled  from  Geneva  to  Lyons,  and  from  thence  to 
the  ancient  volcanoes  near  Clermont  In  the  course 
of  my  route,  I  made  frequent  inquiries  respecting  the 
effects  of  the  eaithquake :  it  appeared  to  have  been 
most  strongly  felt  along  the  valley  of  the  Rhone,  and 
the  shock  was  not  less  severe  in  the  volcanic  district 
of  Auvergne ;  its  direction  was  from  the  south-east : 
and  on  that  and  the  following  days,  there  were 
several  eruptions  from  Vesuvius. 

The  frequency  of  earthquakes  at  particular  periods 
is  well  deserving  notice.  In  the  fourth  and  fifth 
centuries,  some  of  the  most  civiHsed  parts  of  the 
world  were  almost  desolated  by  these  awful  visit* 
ations.  Thrace,  Asia  Minor,  and  Syria,  according 
to  cotemporary  historians,  suffered  most  severely : 
the  earth  was  agitated  continually  for  long  periods, 
and  flames  were  seen  to  burst  from  the  eaith,  over  a 
vast  extent  of  surface.  On  the  2(ith  of  January, 
A.D.  447,  subterranean  thunders  were  heard  from 
the  Black  to  the  Red  Sea,  and  the  earth  was  con- 
vulsed without  intermission  for  the  space  of  six 
months ;  in  many  places  the  air  seemed  to  be  on  fire ; 
towns  and  large  tracts  of  ground  were  swallowed  up 
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in  Phrygia.  On  the  20tli  of  May,  A,D-  620^  tlia 
city  of  Antioch  was  overturned  by  a  dreadful .  earthr 
quake,  and  two  hundred  and  fifty  thousand  of  its 
inhabitants  are  said  to  have  been  crushed  in  Hm 
ruins.  A  raging  fire  covered  the  ground  on  which 
the  city  was  built,  and  the  district  around ;  spreading 
over  an  extent  of  forty-two  miles  in  diameter,  and  a 
surface  of  fourteen  hundred  square  miles. 

About  the  middle  of  the  last  century,  after  the 
earthquake  at  Lisbon ;  Europe,  Africa,  and  America^ 
were  for  some  time  repeatedly  agitated  by  subterr 
ranean  explosions ;  as  may  be  seen  by  referring  tQ 
the  journals  of  that  time,  ^tna,  which  had  been  'm 
a  state  of  profoimd  repose  for  eighty  years,  broke- out 
with  great  activity;  and,  according  to  Humboldt 
some  of  the  most  tremendous  earthquakes  and  vol* 
canic  eruptions  ever  recorded  in  history  were  wit- 
nessed in  Mexico.  In  the  night  of  the  19th  pf 
September,  17^9,  a  vast  volcano  broke  out  in  a  lofty 
oultivated  plain ;  a  ti*act  of  ground  more  than  twelve 
miles  in  extent,  rose  up  like  a  bladder  to  the  height 
of  five  hundred  and  twenty-four  feet,  and  six  new 
mountains  were  formed,  higher  than  the  Malvern 
Hills,  in  Worcestershire.  More  recently  (in  1812) 
the  tremendous  earthquakes  in  the  Caraccas  were 
followed  by  an  eruption  in  the  Island  of  St  Vincent's, 
from  a  volcano  that  had  not  been  burning  since  the 
year  171 8;  and  violent  oscillations  of  the  ground 
were  felt  both  in  the  islands  and  on  the  coasts  of 
America.  It  may  be  inferred  from  these  circum- 
stances, that  the  cause  of  earthquakes  and  volcanic 
eruptions  is  seated  deep  below  the  surface  of  the 
earth  ;  in  confirmation  of  which,  it  will  only  be  neces- 
sai*y  to  state,  that  on  the  same  day  on  which  Lisbou 
was  nearly  destroyed,  all  Europe,  and  a  great  part  of 
northern  Africa,  felt  the  shock  more  or  less  severely : 
its  effects  were  also  sensible  across  the  Atlantic,  both 
in  the  United  States  and  the  West  Indies.  Incredible 
as  it  may  seem,  one  fourth  of  the  northern  hemi- 
sphere was  agitated  by  the  same  earthquake.     The 


EAIITHQUAKKS.  S^S 

bed  of  the  Atlantic  was  raised  above  the  surface  of 
the  ocean,  and  flame  and  vapour  were  discharged : 
this  was  observed  by  vessels  at  sea.     If  we  take  a 
terrestrial  globe,  and  cover  those  parts  of  it  that  were 
thus  affected  by  the  earthquake  with  black  crape,  we 
shall  obtain  a  more  distinct  idea  of  the  extent  of  sur* 
face  shaken,  than  a  mere  verbal  description  can  con- 
vey.     This  appears  to  have  been  one  of  the  most 
Isevere  shocks  that  the  old  continent  had  experienced 
for  several  centuries.     The  cause  which  could  eflfect 
a  simultaneous  concussion  over  such  a  vast  extent, 
must  probably  have  beerf  seated  nearly  midway  be- 
tween the  centre  of  the  globe  and  its  surface. 
-    It  has  been  remarked,  that  in  general  earthquakes 
fti*e  more  severely  felt  in  mountainous  than  in  low 
Countries :  this  might  be  expected  from  the  structure 
of  the  earth.*    In  alpine  districts,  the  primary  moun«* 
tirins  are  not  pressed  with  the  incumbent  mass  of 
ftecondary  rocks ;  and,  consequently,  in  such  situa- 
tions, the  resistance  to  a  force  acting  from  beneath 
will  be  much  less,  as  all  the  weight  of  secondary 
rocks  is  removed.     In  very  violent  earthquakes,  the 
secondary  strata  are  broken  or  agitated ;  but  proofs 
iire  hot  wanting,  of  lesser  vibrations  being  stopped  by 
their  pressure.     Humboldt  says,  he  has  seen  work* 
men  hasten   from   the   mines   of   Marienburgh,    in 
Saxony,  alarmed  by  agitations  of  the  earth  that  were 
not  felt  at  the  surface.     During  the  earthquake  at 
Lisbon,  the  miners  in  Derbyshire  felt  the  rocks  move^ 
and  heard  noises  which  were  scarcely  perceived  by 
those  above.     That  an  expansive  force  acting  from 
beneath  is  the  proximate  cause  of  earthquakes,  can 
scarcely  be  denied ;    and  the  prodigious  power  of 
steam,  when   suddenly  generated,   seems   equal   to 
their  production,  if  the  quantity  be  sufficiently  great 
It  is  said  that  a  single  drop  of  water  falling  into  a 
furnace  of  melted  copper,  will  blow  up  the  whole 

*  Sec  a  paper  on  Earthquakes,  by  tho  Rev.  Mr.  Mitchell,  Philo- 
s^lncal  Transactions,  1759. 
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building.  This  may  be  an  exaggemted  statement; 
but  the  prodigious  force  of  steam  at  high  temperatuTM 
is  well  known,  and  there  can  be  no  difficulty  in  ad- 
mitting, that  if  a  current  of  subterranean  water  were 
to  find  access  to  a  mass  of  lava  many  miles  in  extent, 
and  most  intensely  heated,  it  would  produce  an  earth* 
quake  more  or  less  violent,  in  proportion  to  the  quan- 
tity of  steam  generated,  and  its  distance  from  the 
surface.  When  the  hydrogen  gas  exploded  in  a  mine 
near  Workington,  in  Cumberland,  a  shock  like  that 
of  an  earthquake  was  felt  by  ships  in  the  river,  at  two 
miles*  distance.  * 

The  horrid  crash,  like  the  rattling  of  carriages^ 
which  precedes  earthquakes,  may  be  occasioned  by 
the  rending  of  the  rocks,  or  parting  of  the  strata 
through  which  the  confined  vapour  is  forcing  a 
passage. 

All  the  phenomena  that  accompany  earthquakes 
indicate  the  intense  operation  of  elastic  vapour,  ex- 
panding  and  endeavouring  to  escape  where  the  least 
resistance  is  presented,  and  producing  vibrations  of 
the  solid  strata.  The  intimate  connection  between 
earthquakes  and  volcanic  agency,  is  too  obvious  to 
require  much  illustration.  All  volcanic  eruptions 
are  preceded  by  earthquakes  of  greater  or  lesser 
extent;  but  all  earthquakes  are  not  attended  by 
volcanic  eruptions.  The  elastic  vapour  may  some- 
times find  vent  through  existing  fissures  and  aper- 
tures; or  the  aqueous  vapour  may  meet  with 
subterranean  currents  of  cold  water,  and  suddenly 
collapse,  producing  a  second  earthquake  in  a  con- 
trary direction.  In  common  language,  the  agitation 
of  the  ground,  when  the  surface  is  not  broken,  is 
called  the  shock  of  an  earthquake.  Since  the  re- 
cords of  history,  there  have  been  no  earthquakes  in 
Great  Britain  equal  in  intensity  to  what  have  taken 
place  in  the  southern  parts  of  Europe.  In  the  year 
1247>  a  general  earthquake  is  said  to  have  extended 
over  England ;  it  threw  down  the  church  of  St  Mi- 
Chael^s,  on  the  Hill  at  Glastonbury.     The  greatest 
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earthquake  recorded  in  England^  took  place  Novem- 
ber 14.  1S18.  On  April  the  6th,  1580,  an  earth* 
quake,  felt  in  London  and  Westminster,  threw  down 
a  part  of  St  Paul's  church,  and  of  the  Temple 
church.  Perhaps,  in  the  present  time,  ten  years 
seldom  elapses  without  the  shock  of  an  earthquake 
being  felt  in  some  part  of  Great  Britain ;  but  these 
are  too  feeble  to  require  historic  notice.  We  have 
evidence,  however,  oi^  mighty  earthquakes  having 
shaken  the  surface  of  this  part  of  the  globe.  The 
faults  and  dislocations  of  the  strata,  of  which  some 
account  has  been  given  in  different  parts  of  tlie  pre- 
sent volume,  must  have  been  accompanied,  during 
their  formation,  with  more  violent  agitation  of  the 
ground  than  any  recorded  in  history;  but  it  is  probable 
that,  at  that  period,  the  land  which  now  forms  Great 
Britain  had  only  partially  emerged  from  the  ocean. 

Soon  after  tlie  discovery  of  the  Leyden  Phial, 
many  natural  phenomena  were  ascribed  to  electric 
action,  and  earthquakes  were  supposed  to  be  the  re- 
sult of  electric  shocks,  acting  with  great  intensity  in 
the  interior  of  the  earth.  The  electric  theory  of 
earthquakes  was  soon  discarded  as  untenable ;  but 
now  the  identity  of  magnetic  and  electric  agency 
seem,  in  many  respects,  to  be  established,  it  may  de- 
serve consideration,  whether  an  interruption  to  the 
magnetic  or  electric  currents  which  circulate  through 
the  earth,  may  not  sometimes  occasion  earthquakes, 
acting  almost  instantaneously  over  large  portions  of 
the  globe. 

If^  as  some  philosophers  maintain,  there  is  a  central 
fire  under  every  part  of  the  globe,  or  if  certain  spaces 
only  are  filled  with  ignited  matter,  we  can  scarcely 
doubt  that  chemical  changes  are  taking  place,  which 
will  also  change  the  electrical  relations  between 
mineral  beds.  A  series  of  strata  may  act  like  the 
plates  of  an  immense  voltaic  battery,  and  discharge 
the  electricity  from  one  internal  part  of  the  globe  to 
another,  exciting  vibrations  that  may  agitate  a  whole 
hemisphere.     I  was  informed  by  a  gentleman  who 
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resided  several  years  near  the  feet  tif- tiie' Himnaii- 
laya  mountaioft,  that  peals  of  subterraoean.  Jlmn^er 
were, sometimes  heard  which  j*esemUed  atmosphenc 
thunder,  but  were  inconceivably  louder  joid  -itiare 
appalling :  they  were  followed  by  earthquakes^  Hun- 
boldt  also  mentions  the  frequency  of  subteirasMn 
thunder  in  some  districts  bordering  the  Andes*     t  i 

In  volcanic  phenomena,  we  observe  a  cause*  in 
present  activity,  that  can  overthrow  mouataina,  fom 
new  islands,  and  raise  up  the  bed  of  the  ocean': 
hence  the  geologist  may  infer,  that  the  same  cause, 
acting  with  greater  intensity  and  more  extensively, 
has  been  tlie  agent  employed  by  the  Authofof 
nature,  to  elevate  new  and  submerge  ancient  ooii- 
tinents,  and  to  change  and  renovate  the  surface  df 
the  globe.  We  are  indeed  acquainted  with  no  other 
natural  BgenU  that  can  have  effected  the  mightiir 
'  changes  which  the  crust  of  our  planet  has  undergone. 
The- products  of  volcanoes^  particularly  of  ancieat 
ones,  are  analogous  in  their  composition  and  internal 
structure  to  the  oldest  rocks  of  granite,  sienite,  and 
porphyry,  and  indicate,  not  obscurely,  the  mode  in 
which  these  rocks  were  formed :  hence  the  study  of 
volcanoes  and  volcanic  rocks,  is  an  impoitant  branch 
of  the  science  of  geology.  Werner  and  his  disciples, 
however,  held  that  volcanoes  were  merely  produced 
by  the  ignition  of  beds  of  coal,  in  the  secondary 
strata. 

Volcanoes  are  openings  made  in  the  earth-s 
surface  by  internal  fires;  they  regularly,  or  at  intervals, 
throw  out  smoke,  vapour,  flame,  large  stones,  sand, 
and  melted  stone  called  lava.  Some  volcanoes  throw 
out  torrents  of  mud  and  boiling  water.  Volcanoes 
most  frequently  exist  in  the  vicinity  of  tlie  sea  or 
large  lakes,  and  also  break  out  from  unfathomable 
depths  below  the  surface  of  the  ocean,  and  form  new 
islands  and  reefs  of  rock.  When  a  volcano  breaks 
out  in  a  new  situation,  it  is  preceded  by  violent 
eaithquakes,  the  heated  surface  of  the  ground  fre- 
quently swells  and  heaves  up,  until  a  fissure  or  rent 
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is  formed,  sometimes  of  vast  extent.  Tlirotigli  this 
opening,  masses  of  rock,  with  flame,  smoke  and  lava, 
are  thrown  out,  and  choke  up  part  of  the  passage, 
and  contine  the  eruption  to  one  or  more  apertures, 
round  which  conical  hills  or  mountains  are  formed. 
The  concavity  in  the  centre  is  called  the  crater. 
The  indications  of  an  approaching  eniption  from  a 
dormant  volcano,  are  an  increase  of  smoke  from  the 
summit,  which  sometimes  rises  to  a  vast  height, 
brandling  in  the  fi)rm  of  a  pine-tree.  Tremendous 
explosions,  hke  the  tiringof  artillery,  commence  alter 
the  increase  of  smoke,  and  are  siicceedetl  by  red- 
ooloured  fianics,  and  showers  of  stones.  At  length 
tJie  lava  flows  out,  from  the  top  of  the  crater,  or 
breaks  through  the  sides  of  the  mountain,  and  covers 
the  neighbouring  plains  with  melted  matter,  which, 
becoming  consolidated,  forms  a  stony  mass,  often  not 
less  than  some  hundred  square  miles  in  extent,  and 
several  yards  in  thickness.  The  eruption  of  lava  has 
been  known  to  continue  several  months.  Intenselv 
black  clouds,  composed  of  a  kind  of  dark'CoIcHiretl 
sand  or  powder,  improperly  called  ashes,  are  thrown 
out  of  the  crater  after  the  lava  ceases  to  flow,  and 
sometimes  involve  the  surrounding  country  in  total 
darkness  at  noon-day.  Towards  die  conclusion,  the 
colour  of  the  volcanic  sand  changes  to  white :  it  con- 
sists of  pumice  in  aflnelycomminutcd  state.  During 
an  erujition  of  Aitnn,  a  space  of  one  hundred  and 
fifty  miles  in  circuit  was  covered  with  a  stratum  of 
volcanic  sand  or  ashes  twelve  feet  thick.  When  the 
lava  flows  freely,  the  earthquakes  and  explosions 
become  less  violent ;  which  proves  that  they  were 
occasioned  by  the  confinement  of  the  erupted  matter, 
both  gaseous  and  solid.  The  smoke  and  vapour  of 
volcanoes  are  highly  electrical. 

The  quantity  of  lava  thrown  out  during  a  single 
eruption  of  a  volcano,  seems  almost  incredible  to 
those  who  have  not  observed  volcanic  countries. 
Kircher,  in  his  Mundm  Subltrraneus,  lib.  vi.  cnp.8i, 

iblished  in  1G6U,  says,  that  the  ejectiona  of  Mount 
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iEtna  would,  if  collectedi  form  a  mass  twenty  times 
as  large  as  the  mountain  itself;  and  a  few  years  after- 
wards, viz.  in  16699  the  same  mountain  covered  with 
a  fresh  current  of  lava  eighty-four  square  miles ;  and 
again  in  1775,  according*to  Dolomieu,  the  same  vol* 
cano  poured  out  another  stream  of  lava,  twelve  miles 
in  length,  one  mile  and  a  half  in  breadth^  and  two 
hundred  feet  in  height.  Hence  it  is  evident, '  that 
the  seat  of  the  fire  is  not  in  the  mountain  itself  but 
deep  in  the  earth  :  the  volcano  is  not  the  furnace,  but 
the  chimney ;  and  it  will  be  necessary  to  bear  this 
in  mind,  if  we  would  form  an  adequate  idea,  of  the 
extensive  effects  of  volcanic  action.  Seneca  appears 
to  have  formed  a  distinct  notion  of  the  seat  of  vol- 
canic fire,  when  he  remarks,  that  the  volcano  does 
not  supply  the  fire,  it  only  a^ords  it  a  passage  <*  m 
ipso  monte  non  aUmentum  habet,  sed  viam.*'  The 
largest  known  current  of  modem  lava  was  formed  by 
a  volcano  in  Iceland  in  1783 ;  it  is  sixty  miles  in 
length,  and  twelve  broad,  equalling  in  extent  any 
continuous  rock  formation  in  England.  The  most 
extraordinary  volcanic  eruption  recorded  in  history 
for  the  extent  of  its  effects,  took  place  in  Sumbawa, 
one  of  the  Molucca  Islands,  in  April,  1815.  It  is 
described  in  the  history  of  Java  by  Lieutenant- 
Governor  Raffles. 

**  This  eruption  extended  perceptible  evidences  of 
its  existence  over  the  whole  of  the  Molucca  Islands, 
over  Java,  a  considerable  portion  of  Celebes,  Sumatra, 
and  Borneo,  to  a  cii'cumference  of  a  thousand  statute 
miles  from  its  centre,  by  tremulous  motions  and  the 
report  of  explosions;  while  within. the  range  of  its 
more  immediate  activity,  embracing  a  space  of  three 
hundred  miles  around,  it  produced  the  most  astonish- 
ing effects,  and  excited  the  most  alarming  apprehen- 
sions. In  Java,  at  the  distance  of  three  hundred 
miles,  it  seemed  to  be  awfully  present.  The  sky  was 
overcast  at  noon- day  with  clouds  of  ashes ;  the  sun 
was  enveloped  in  an  atmosphere,  whose  *  palpable' 
density  he   was   unable   to  penetrate ;    showers   of 
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ashes  covered  the  houses,  the  streets,  and  the  fields, 
to  the  depth  of  several  inches  ;  and  amid  this  dark* 
ness,  explosions  were  heard  at  intervals,  like  the  report 
of  artillery  or  the  noise  of  distant  thunder.  So  fully 
did  the  resemblance  of  the  noises  to  the  report  of 
cannon  impress  the  minds  of  some  officers,  that,  from 
an  apprehension  of  pirates  on  the  coast,  vessels  were 
despatched  to  afford  relief.  Superstition  on  the  other 
hand  was  busily  at  work  on  the  minds  of  the  natives, 
and  attributed  the  reports  to  an  artillery  of  a  different 
description  to  that  of  pirates.  All  conceived  that 
the  effects  experienced  might  be  caused  by  eruptions 
of  some  of  the  numerous  volcanoes  on  the  island ; 
but  no  one  could  have  conjectured  that  the  showers 
of  ashes  which  darkened  the  air  and  covered  the 
ground  of  the  eastern  districts  of  Java,  could  have 
proceeded  from  a  mountain  in  Sumbawa,  at  the  dis- 
tance of  several  hundred  miles.*' 

The  lieutenant-governor  of  Java  directed  a  cir- 
cular to  the  different  residents,  requiring  them  to 
transmit  to  the  governor  a  statement  of  the  facts  and 
circumstances  connected  with  this  eruption.  The 
most  remarkable  circumstance  attending  this  eruption, 
is  the  distance  at  which  the  explosions  were  heard 
in  the  islands  of  the  Indian  Sea.  <<  From  Sumbawa, 
to  the  part  of  Sumatra  where  the  sound  was  noticed, 
is  about  nine  hundred  and  seventy  geographical  miles. 
From  Sumbawa  to  Ternate,  is  a  distance  of  about 
seven  hundred  and  twenty  miles.  The  distance  to 
which  the  cloud  of  ashes  was  carried  so  thickly  as  to 
produce  utter  darkness  was  clearly  pointed  out  to  be 
the  Island  of  Celebes,  and  the  district  of  Grisik  in 
Java ;  the  former  two  hundred  and  seventeen  nautical 
miles  in  a  direct  line,  the  latter  more  than  three  hun- 
dred geographical  miles."  The  greatest  distance  at 
which  the  eruption  of  any  volcano  had  been  previously 
heard,  is  six  hundred  miles :  according  to  M.  Hum- 
boldt, the  explosions  from  Cotopaxi  are  sometimes 
sensibly  heard   at  that  distance  from  the  volcano, 
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which  is  one  of  the  largest  and  highest  in  die  Ame- 
rican continent. 

The  long  period  of  repose  which  sometimes  takes 
place  between  two  eruptions  of  the  same  volcjmo^ 
is  particularly  remarkable*  From  the  building  of 
Rome  to  the  79th  year  of  the  Christian  era,  do 
mention  is  made  of  Vesuvius,  though  it  had  evidently 
been  in  a  prior  state  of  activity,  as  Herculaneum  anu 
Pompeii,  which  were  destroyed  by  the  eruption  of 
that  year,  are  paved  with  lava.  From  the  ISth  to 
the  l6th  century  it  remained  quiet  for  nearly  four 
hundred  years,  and  the  crater  was  overgrown  witl^ 
lofty  trees.  The  crater  was  descended  by  Braccbiniv^ 
an  Italian  writer,  prior  to  the  great  eruption  oflGSlv 
the  bottom  was  at  that  time  a  vast  plain,  surrounded 
by  caverns  and  grottoes.  iEtna  has  continued  bomJ 
img  since  the  time  of  the  poet  Pindar,  witli  occasionai 
intervals  of  repose,  seldom  exceeding  thirty  or  forty 
years.  =  . 

The  eruptions  of  the  Peak  of  Teneriffe  have  been 
very  rare  during  the  last  two  centuries.  According 
to  Humboldt,  "  the  long  intervals  of  repose  appear 
to  characterize  volcanoes  highly  elevated.  Stromboli, 
which  is  one  of  the  lowest,  is  always  burning;  the 
eruptions  of  Vesuvius  are  rarer,  but  still  more  fre- 

3uent  than  those  of  ^Etna.  The  colossal  summits  of 
le  Andes,  Cotopaxi  and  Tungurahua,  scarcely  have 
an  eruption  once  in  a  century.  The  Peak  of  Teneriffe 
seemed  to  be  extinguished  for  ninety-two  years,  when 
it  made  its  last  eruption  by  a  lateral  opening  in  1798. 
In  this  interval  Vesuvius  had  sixteen  eruptions.** 
The  greatest  eruptions  of  lava  from  .^tna  and 
Vesuvius  are  always  from  the  sides  of  these  moun- 
tains; but  these  lateral  eruptions  finish  by  an  ejection 
of  ashes  and  flames  from  the  crater  at  the  summit  of 
the  mountain.  In  the  Peak  of  Teneriffe,  an  eruption 
of  lava  from  the  summit  has  not  taken  place  for 
ages;  and  in  the  recent  great  eruption  of  1798, 
the  crater  remained  inactive,  nor  did  its  bottom 
fall  in. 
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The  observation  of  M.  Humboldt,  that  lofly  voica* 
noes  have  the  longest  periods  of  repose,  will  not 
be  found  universally  correct.  The  small  volcano  of 
Volcano,  one  of  the  Lipari  islands,  was  in  a  dormant 
state  for  thirteen  hundred  years,  while  the  volcano 
of  Popocatapetl,  fourteen  leagues  from  Mexico,  which 
is  nearly  eighteen  thousand  feet  above  the  level  of 
the  sea,  seems  to  be  in  a  state  of  constant  activity. 
It  was  ascended  by  Lieutenant  William  Glennie,  in 
18^.  The  volcano  rises  from  a  country  tiiat  is  8216 
feet  above  the  sea ;  its  sides  are  thickly  wooded  with 
pine  forests  to  the  height  of  nearly  13,000  feet: 
beyond  this  altitude  vegetation  ceased  entirely.  The 
ground  consisted  of  loose  black  sand  of  considerable 
depthy  in  which  numerous  fragments  of  pumice  and 
basalt  were  dbpersed ;  above  this  were  several  pro* 
jecting  ridges  of  loose  fragments  of  basalt,  arranged 
one  above  another.  At  the  summit,  the  mercury 
subsided  to  15-63  inches.  The  crater  appeared  to 
extend  one  mile  in  diameter;  the  interior  walls 
consisted  of  masses  of  rock,  arranged  perpendi* 
cularly,  and  marked  by  numerous  vertical  channels^ 
in  many  places  filled  with  black  sand.  Four  horizon- 
tal circles  of  rock,  diiferently  coloured,  were  also 
noticed  within  the  crater.  Irom  the  edges  of  the 
latter,  as  well  as  from  its  perpendicular  walls,  several 
small  columns  of  vapour  arise,  smelling  strongly  of 
sulphur.  The  noise  was  incessant,  resembling  that 
heard  near  the  sea  shore  during  a  storm.  At  intervals 
of  two  or  three  minutes,  the  sound  increased,  followed 
by  an  irruption  of  stones :  the  larger  fell  again  into 
the  crater,  the  smaller  were  projected  into  the  ravine 
which  we  had  ascended. 

The  volcano  of  Popocatapetl  is  perhaps  the  loftiest 
active  volcano^that  has  been  ascended,  and  yet, 
according  to  Humboldt,  it  sometimes  pours  out 
currents  of  lava  from  the  summit 

Those  who  are  acquainted  with  hydrostatics,  and 
know  the  immense  power  that  would  be  required  to 
raise  even  a  column  of  water  from  the  level  of  the 
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sea  to  the  top  of  Popocatapetl,  .^tna,  or  Tenerifle^ 
will  not  be  surprised  that  the  lava  forces  itself  out 
of  the  sides,  and  rarely  rises  to  the  top  of  the  crater, 
in  lofly  volcanic  mountains.  It  has  been  calculated, 
that  the  force  required  to  raise  a  column  of  lava 
to  the  height  of  the  summit  of  Teneriffe,  (twelve 
thousand  five  hundred  feet,)  would  be  equal  to  that 
of  one  thousand  atmospheres ;  and  M.  Daubuissoo, 
who  has  made  the  calculation,  states,  that  if  an 
opening  were  effected  in  the  volcano  at  the  level 
of  the  sea,  under  the  above  pressure,  the  lava  and 
stones  would  be  forced  out  with  a  velocity  equal  to 
two  hundred  and  seventy  metres,  or  eight  hundred 
feet  per  second.  —  Tom.  i.  p.  I7S. 

The  elevation  of  volcanic  craters  varying,  as 
Humboldt  observes,  from  six  hundred  to  eighteen 
thousand  feet,  must  not  only  influence  the  frequency 
of  their  eruptions,  but  must  modify  also  the  quality 
of  the  substances  ejected.  —  **  Some  volcanoes  only 
eject  lava  from  their  sides,  like  Teneriffe,  although  it 
has  a  crater  on  its  summit;  others  have  lateral 
eruptions,  as  I  observed  at  Antisana  in  Quito,  at  the 
height  of  thirteen  thousand  feet,  and  their  summit 
has  never  been  pierced.  Others  equally  hollow  in 
their  interior,  as  many  phenomena  indicate,  act  only 
mechanically  on  the  surrounding  country,  breaking 
the  strata  and  changing  the  surface  of  the  soil.  Thus 
the  volcanic  mountain  of  Chimborazo,  with  its  dome 
of  volcanic  porphyry  {trachyte\  at  the  height  of 
twenty-two  thousand  two  hundred  feet,  has  no  per- 
manent aperture  on  its  summit  or  its  sides:  the  small 
crater  by  which  its  eruptions  are  effected,  is  placed 
on  the  Plain  of  Calpi.  The  volcano  of  Pichinca, 
fifteen  thousand  feet  high,  and  which  I  have  particu- 
larly studied,  has  never  ejected  a  turrent  of  lava 
since  the  excavation  of  the  present  valleys.  On  the 
contrary,  the  volcano  of  Popocatapetl  in  Mexico, 
sixteen  hundred  (according  to  Lieutenant  Glennie 
near  eighteen    hundred)  feet  in  height,   pours   out 
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narrow  currents  of  lava,  like  those  from  the  smaller 
volcanoes  of  Auvergne  or  Italy/* 

Submarine  volcanoes  are  preceded  by  a  violent 
boiling  and  agitation  of  the  water,  and  by  the  dis- 
charge of  volumes  of  gas  and  vapour,  which  take 
fire  and  roll  in  sheets  of  flame  over  the  surface  of 
the  waves.  Masses  of  rock  are  darted  through  the 
water  with  great  violence,  and  accumulate  till  they 
form  new  islands.  Sometimes  the  crater  of  the 
volcano  rises  out  of  the  sea  during  an  eruption. 
In  1783  a  submarine  volcano  broke  out  near  Ice- 
land, which  formed  a  new  island ;  it  raged  with  great 
lury  for  several  months.  The  island  afterwards 
sunk,  leaving  only  a  reef  of  rocks.  In  December, 
1720,  a  violent  earthquake  was  felt  at  Tercera,  one 
ok'  the  Azores ;  the  next  morning  a  new  island  nine 
miles  in  circumference  was  seen,  from  the  centre 
of  which  rose  a  column  of  smoke:  it  afterwards 
sunk  to  a  level  with  the  sea.  A  small  island  was 
ibrmed  in  1811  by  a  submarine  volcano  at  a  little 
distance  from  St.  Michael's,  one  of  the  Azores :  it 
was  a  mass  of  black  rock,  described  by  the  captain 
of  the  Sabrina  frigate,  who  witnessed  its  formation, 
to  be  equal  in  height  to  the  high  Tor  at  Matlock. 
A  gentleman  who  visited  the  Azores  in  1813,  in- 
forms me  that  it  has  sunk  down  and  disappeared: 
there  is  now  eighty  fathom  water  in  the  place. 

Near  Santorini,  in  the  Grecian  Archipelago,  sub- 
marine volcanoes  have  repeatedly  burst  forth  during 
the  last  two  thousand  years,  and  formed  several  new 
islands :  three  of  the  ancient  eruptions  are  recorded 
by  Pliny,  Strabo,  and  Seneca.  The  last  eruption 
was  in  the  year  I767. 

So  recently  as  the  year  18.S1,  a  submarine  volcano 
broke  out  not  far  from  the  island  of  Sicily,  attended 
with  all  the  phenomena  before  described.  It  was 
visited  by  some  French  geologists  in  September, 
soon  after  the  eruptions  haid  so  far  subsided  as  to 
allow  them  to  land.  Its  circumference  was  found 
by  measurement  to  be  seven  hundred  and  eighty 
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yards,  its  height  about  two  hundred  and  twenty  feet. 
It  appeared  to  be  composed  entirely  of  scoriae  and 
loose  volcanic  fragments ;  in  the  centre  of  these  were 
some  hard  globular  blocks  of  lava,  but  they  appeared 
to  have  been  projected  from  the  crater.  The  borden 
of  the  crater  were  about  two  hundred  feet  high  on  one 
side,  and  about  forty  on  the  other;  the  bottom  was  filled 
with  orange-coloured  water,  and  covered  with  a  thick 
froth.  White  vapours  issued  continually,  not  only 
from  the  surface  of  the  water,  which  appeared  to  be 
in  a  state  of  ebullition,  but  from  innumeral)le  fissures 
in  the  whole  ground,  and  from  the  adjacent  sea. 
The  black  sand  on  one  side  of  the  island,  for  about 
fifly  or  sixty  feet,  appeared  burning.  Bubbles  of  gas 
or  vapour  rose  apparently  from  the  interior  of  the 
earth,  and  they  threw  up  with  a  slight  detonation 
volcanic  sand  and  particles.  This  volcanic  island 
had  risen  from  the  depth  of  about  five  or  six  hundred 
feet  below  the  surface  of  the  sea.  M.  Pr6v6t  states 
his  belief  that  this  volcano  ejected  currents  of  sub- 
marine lava ;  and  though  the  island  is  composed 
of  scoriae  and  fragments  thrown  out  of  the  crater, 
which  is  what  the  French  denominate  a  Crater  of 
Eruption^  yet  tliat  it  was  preceded  by  an  upheaving 
of  the  soil  (joulevement\  and  that  there  is  a  belt 
of  rocks  at  the  base,  which  are  the  border  of  a  crater 
of  elevation  (crath'e  de  soulevement).  M.  Prevot 
anticipated,  that  owing  to  the  loose  materials  of 
which  this  island  is  composed,  it  would  not  long 
resist  the  action  of  the  waves.  Indeed  the  island 
appeared  to  have  suffered  considerable  degradation 
before  the  French  geologists  landed,  for  Captain 
Senhouse,  who  visited  it  the  preceding  month, 
August  3.  stated  its  circumference  to  be  about 
one  mile  and  a  quarter.  According  to  Captain 
Swinburne,  who  observed  some  of  the  earliest  erup- 
tions from  this  volcano  on  the  19th  of  July,  the 
external  diameter  of  the  crater  was  estimated  at 
from  seventy  to  eighty  yards,  it  was  not  then 
more  than  about  twenty  feet  above  the  sea.     The 
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agitated  water  in  the  crater  escaped  by  an  opening 
on  one  side  :  he  says,  "  Atler  the  volcano  had  emitted 
for  some  time  its  usual  quantities  of  white  steam,  sud- 
denly the  whole  aperture  w;is  filled  with  an  enormous 
mass  of  hot  cinders  and  dust,  rushing  upwards  to  the 
height  of  several  hundred  feet,  with  a  loud  roaring 
noise ;  then  falling  into  the  sea  on  all  sides  with  a 
still  louder  noise.  Renewed  explosions  of  hot  cinders 
and  dust  were  quickly  succeeding  each  other,  while 
forked  hghtning,  accompanied  by  rattling  thunder, 
darted  fi'om  all  directioTia  within  the  column  now 
darkened  with  dust,  greatly  increased  in  volirme, 
and  distorted  by  sudden  gusts  and  whh'lwinds." 
The  latitude  of  this  island  is,  or  rather  was,  37"  11' 
north,  and  longitude  east  12"  4-1-'. 

At  the  beginning  of  January  in  the  following  yonv 
the  top  of  the  islaud  was  somewhat  below  the  surface 
of  the  sea,  and  at  the  latter  end  of  February  sound- 
ings had  been  made  at  different  times,  wliich  dis- 
covered depths  of  from  fifty  to  one  hundred  and  fifty 
feet,  from  the  surface  of  the  sea  to  the  cone  of  tlio 
volcano.  This  sudden  sinking  down  of  the  volcano 
must  be  attributed  to  the  subsidence  of  the  ground 
beneath  it. 

The  French  geologists  who  visited  this  submarine 
volciuio  describe  the  island  as  being  a  crater  of 
eruption  {crttUh^e  rP^ruption),  while  the  base  below 
thesea  is  supposed  to  have  been  formed  by  the  ujj- 
heaving  of  solid  rocks,  or  to  be  a  crater  of  elevation 
(crtUere  de  soidh^emcnt). 

Graters  of  eruption  are  formed  by  the  accumula- 
tion of  lava  or  other  volcanic  matter  around  the 
orifice  from  whence  tbey  flowed,  or  were  projected. 
Sucii  is,  perliaps,  the  origin  of  the  greater  nimiber  of 
volcanic  craters.  That  eminent  geologist,  Voii  Buch, 
however,  maintains,  that  beds  of  primary,  or  other 
rocks,  have  been  sometimes  raised  from  beneath  the  sea 
to  considerable  elevations,  before  the  subterranean  fire 
hadopeiied  a  passage  for  the  eruption  of  lava  orscoriiei 

t^  successive  beds  of  lava  to  have  been  powe*!'  ■ 
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through  a  chasm  over  the  bottom  of  the  ocean,  and 
afterwards  consolidated,  and  the  chasm  to  become 
covered  by  an  immense  mass  of  solid  lava ;  in  a  suc- 
ceeding paroxysm,  the  volcanic  energy  being  unable  to 
force  a  passage  through  the  former  opening,  and  thus 
acting  with  compressed  intensity,  might  upheave  the 
beds  of  submarine  lava  and  the  subjacent  rocks  to  a 
considerable  height  above  the  sea,  before  a  new  pas- 
sage was  opened  for  a    subsequent  eruption.     This 
would  be  a  crater  of  elevation.     With  the  ancient 
lava,  the  lower  beds  of  granite  or  other  rocks  might 
also  be  raised  up.     This  mode  of  yolcanic  operation 
is  so  analogous  to  that  which  has  up-heaved  moun- 
tain masses  in  every  part  of  the  globe,  that  I  am  at  a 
loss  to  conjecture  on  what  principle  it  has  been  ob- 
jected to.     Let  the  reader  refer  to  the  position  of  the 
beds  at  Wren's  Nest  Hill,  near  Pudley,  and  their 
contiguity  to  basalt  (Plate  III.  %.  4.);  or,  what  may 
be  more  directly  to  the  purpose,  let  him  turn  to  the 
section  of  Crich  CliiF  (page  41.),  in  which  the  strata 
encircle  and  cover  the  hill,  like  the  coats  of  an  onion, 
and  in  which  there  is  a  mass  of  toadstone  near  the 
centre.     Few  geologists  will  deny  that  the  beds  have 
been  up-heaved  by  a  power  acting  from  beneath ;  or 
that  the  protrusion  of  beds  of  volcanic  toadstone  was 
the  original  cause  of  the  elevation  of  the  strata.     If 
the  up-heaving  power  at  Crich  Cliff  had  been  in- 
creased in  intensity,  and  a  passage  been  opened  near 
the   summit,    through    which   streams   of  lava  and 
showers  of  scoriae  had  been  projected,  we  should  have 
had  a  crater  of  elevation,  though  its  structure  and 
mode  of  formation  might  have  been  concealed  by 
volcanic  substances  covering  the  original  rock.    Von 
Buch  and  Humboldt  have  been  challenged  to  discover 
a    single    volcanic    cone    composed    exclusively  of 
marine  or  of  freshwater  strata ;  but  surely  this  is  over-* 
looking  the  conditions  under  which  such  a  cone  must 
be  formed :  the  eruptions  from  the  crater,  when  once 
open,  would  cover  a  great  part  of  the  external  cone 
with  lava  and  volcanic  matter.     The  above  eminent 
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geologists  might  show  Crich  Cliff  and  Wren's  Nest 
Hill,  as  presenting  a  triumphant  confinnatton  of  the 
theory  of  elevation  ;  a  confirmation  not  tiie  less  satis- 
factory, because  the  volcanic  action  haii  been  arrested 
precisely  at  the  point,  where  the  truth  of  the  theory 
was  rendered  most  apparent. 

The  island  called  the  New  Kamenoi,  raised  near 
St.  Erini  during  a  submarine  eruption  in  the  year 
1707f  was  partly  composed  of  limestone,  and  covered 
with  living  shells,  which  prove  that  the  rock  was  up- 
raised in  a  solid  mass.  Volcanic  islands  of  great 
elevation  have  been  raised,  in  the  present  century,  in 
the  group  called  Aleutian  Islands;  and  as  they  re- 
main permanent,  with  little  diminution  of  heiglit,  it 
is  supposed  by  Von  Buch  that  they  consist  of  solid 
rock. 

The  marine  limestone  on  the  sides  of  ^'Etna,  offer 
confirmatory  evidence  of  the  truth  of  the  theory  of 
elevation,  though  the  strata  may  have  been  subse- 
quently disturbed,  and  dip  in  diftbrent  directions.  1 
have  in  my  possession  an  enormous  marine  shell,  or 
gigantic  cerithium.  According  to  the  notice  written 
upon  it  by  tlie  late  Faujas  St.  Fond,  it  was  ob- 
tained from  the  Peak  of  leneriffe,  which  indicates 
that  this  vast  volcanic  mountain,  was  originally  a 
crater  of  elevation  raised  from  the  sea. 

Some  volcanoes  in  Europe,  and  many  in  the  Andes, 
throw  out  aqueous  torrents  intermixed  with  mud  and 
stones;   indeed,  the  American  volcanoes    more   fre- 

f[uently  eject  mud  than  lava.  Eruptions  of  water 
i-om  ^tna  and  Vesuvius  are  rare,  and  some  which 
have  been  described  as  flowing  from  the  crater  of  the 
former,  have  beenm  ereiy  the  torrents  of  melted  water 
from  snow  on  its  summit.  The  volcano  of  Macaluba, 
in  Sicily,  presents  the  phenomena  of  mud,  water,  and 
stones  thrown  out  of  the  crater.  Ferrara  describes 
an  alarming  eruption  which  took  place  on  the  29th  of 
September,  1777 :  — "  Dreadful  noises  were  heard 
all  round ;  and  from  the  midst  of  the  plain,  in  which 
was  formed  a  vast  gulf,  an  immense  column  of  mud 
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arose  to  the  height  of  about  one  hundred  feet,  which, 
abandoned  by  die  impulsive  force,  assumed  the  s^ 
pearance  of  a  large  tree  at  the  top«  In  the .  middle, 
stones  of  all  kinds  and  sizes  were  darted  violently 
and  vertically,  within  the  body  of  the  column.  This 
terrible  explosion  lasted  half  an  hour,  when  it  became 
quiet ;  but  afler  a  few  minutes  resumed  its  course, 
and  with  these  intermissions  continued  all  the  day. 
During  the  time  of  this  phenomenon,  a  pungent 
odour  of  sulphuretted  hydrogen  gas  was  perceived  at 
a  great  distance,  to  the  surprise  of  the  inhabitants, 
who  did  not  dare  to  approach  this  spot  on  account  of 
the  horrible  noises.  But  many  came  the  following 
day,  and  found  that  the  new  great  orifice,  had  ejected 
several  streams  of  liquid  chalk  (cretd),  which  had 
covered,  with  an  ashy  crust  of  many  feet,  all  the  sur- 
rounding space,  filling  the  cavities  and  chinks.  The 
hard  substances  ejected  were  fragments  of  calcareous 
tufa,  of  crystallised  gypsum,  pebbles  of  quartz,  and 
iron  pyrites,  which  had  lost  their  lustre,  and  were 
broken  in  pieces.  All  these  substances  form  the  out- 
ward circuit  at  this  day.  The  unpleasant  smell  of 
sulphur  still  continued,  and  the  water  which  remained 
in  the  holes  was  hot  for  many  months ;  while  a  keen 
smell  of  burning  issued  from  the  numerous  orifices 
around  the  great  gulf,  which  is  now  completely 
filled/' 

.  Volcanoes  frequently  occur  in  groups,  sometimes 
arranged  along  a  line,  as  if  they  had  originally  been 
formed  over  one  vast  chasm,  like  the  minor  volcanoes 
on  the  sides  of  iEtna ;  sometimes  they  are  dispersed 
irregularly  over  the  surface,  and  sometimes  they  are 
isolated  like  ^Etna,  and  the  Peak  of  TenerifTe. 

The  volcanoes  in  South  America,  Humboldt  ob- 
serves, instead  of  being  isolated  or  dispersed  in 
irregular  groups  as  in  Europe,  are  arranged  in  rows, 
like  the  extinct  volcanoes  of  Auvergne,  or  the  vol- 
canoes of  Java ;  sometimes  in  one  line,  and  some- 
times in  twoparellel  lines.  These  lines  are  generally 
in  the  same  direction,  as  the  chain  of  the  Cordilleras, 


GROUPS  OF   VOLCANOES. 


but  sometimes  (as  in  Mexico)  they  form  an  angle 
with  it  of  70°.  The  volcanoes  of  Mexico,  he  further 
observes,  are  placed  in  a  narrow  zone,  between  lati- 
tude 18°  59'  and  19°  12'.  This  he  regards  as  a  vast 
chasm,  seven  liundred  and  fifty  miles  in  length,  ex- 
tending from  the  coast  of  the  Atlantic  to  tliat  of  the 
Pacific,  and  to  tlie  islands  of  Revillagiedo  in  the 
same  direction. 

Our  knowledge  of  volcanic  geography  is  at  presenl 
imperfect,  but  among  the  principal  volcanic  groups-] 
and  ranges,  the  following  may  be  briefly  enumeri 
atcd :  — 

In  the  Azores,  there  are  no  less  than  forty-tw< 
active  or  dormant  volcanoes;  and  submarine  volca^ 
noes  not  unfrequently  break  forth  in  their  vicinity*' 
Almost  all  the  other  islands  in  the  Atlantic,  and' 
many  of  the  West  Indian  islands,  are  volcanic. 
Nnmerous  islands  in  the  Pacific  Ocean  and  the 
Indian  Seas  have  large  volcanoes.  In  the  Island  of 
Java  alone,  there  is  a  range  consisting  of  thirty-eight 
large  volcanic  mountains,  some  of  which  are  at  prei' 
Bent  in  an  active  state  ;  they  are  detached  from  each 
other,  and  though  some  of  them  are  covered  by  the 
vegetation  of  many  ages,  the  indications  of  their 
former  eruptions  are  numerous  and  unequivocal. 

Numerous  volcanoes  exist,  near  or  within  the 
arctic  circle,  in  Kamschatka,  in  Greenland,  and  in 
Iceland.  A  range  of  active  or  dormant  volcanoes 
extends  from  the  southern  extremity  of  America  to 
tlie  northern,  along  a  line  of  six  thousand  miles  in 
length.  Of  the  volcanoes  in  northern  Asia,  or  the 
interior  of  Africa,  we  have  little  information,  and  the 
volcanoes  covered  by  the  sea,  cannot  be  estimated  ; 
but  from  the  above  statement,  we  are  authorised  in 
believing,  that  volcanic  fires  are  more  extensively 
operative,  than  many  geolc^ists  are  disposed  to 
admit. 

Many  facts  might  be  cited  to  prove  the  connec- 
tion which  exists  between  volcanoes  at  a  vast  distance 
from  each  other.   In  1783,  when  a  submarlae  volcano 
c  c  3 
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near  Iceland  suddenly  ceased  its  eruptionSi  a  volcano 
broke  out  two  hundred  miles  distant,  in  the  interior 
of  the  island.  On  the  night  in  which  Lima  and 
Callao  were  destroyed  by  an  earthquake,  four  new 
volcanoes  broke  out  in  the  Andes.  The  source  of 
volcanic  fire  is  seated  deep  under  the  surface  <^  the 
earth :  were  it  not  so,  the  ground  in  the  vicinity  of 
volcanoes  would  sink  down.  Yet  iEtna  has  con- 
tinned  to  pour  out  streams  of  lava  for  three  thousand 
years;  and  Stromboli  has  had  daily  eruptions  for 
nearly  as  long  a  period.* 

There  are  some  instances  of  volcanoes  having 
been  entirely  engulfed  in  the  chasms  beneath  them. 
The  volcano  of  the  Pic  in  the  Island  of  Timore,  one 
of  the  Moluccas,  is  known  to  have  served  as  a  pro- 
digious watch-light,  which  was  seen  at  sea  at  the 
distance  of  three  hundred  miles.  In  the  year  1638, 
the  mountain  during  a  violent  eruption  entirely  dis- 
appeared, and  in  its  place  there  is  now  a  lake. 
Many  of  the  circular  lakes  in  the  south  of  Italy  are 
supposed  to  have  been  formed  by  the  sinking  down 
of  volcanoes ;  but  the  best  authenticated  account  we 
have  of  the  destruction  of  avolcanic  mountain,  is 
given  by  Governor  Raffles  in  his  History  of  Java. 

"  The  Papandayang,  situated  at  the  western  part 
of  the  district  of  Cheiibor,  in  the  province  of  Suka- 
pura,  was  formerly  one  of  the  largest  volcanoes  in 


*  Since  the  period  of  authentic  history,  no  great  changes  have 
taken  place  in  the  country  round  JEtxia;  but  it  appears  from 
Virgil,  as  well  as  from  a  passage  in  Strabo  before  quoted,  that  an 
ancient  tradition  existed  of  the  sudden  separation  of  Sicily  from 
Italy. 

*<  Haec  loca,  vi  quondam  et  vasta  convulsa  ruina 
Dissiluisse  ferunt :  cum  protinus  utraque  tellus 
Una  foret,  venit  medio  vi  pontus,  et  undis 
Hesperium  Siculo  latus  abscidit :  arvaque  et  urbes 
Littore  diductas  angusto  interluit  sestu."  j^n.  1.  iii. 

Probably  this  separation  took  place  when  JEina  emerged  from 
the  ocean :  the  occurrence  of  beds  of  limestone  with  shells  upon 
its  sides,  proves  that  it  was  originally  a  submarine  volcano. 
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the  island  of  Java ;  but  the  greatest  part  of  it  was 
swallowed  up  in  the  earth,  after  a  short  but  very 
severe  combustion  in  tlie  year  I772.  The  account 
which  has  remained  of  this  event  asserts,  that  near 
midnight,  between  the  11th  and  12th  of  August 
there  was  observed  about  the  mountain  an  uncom- 
monly luminous  cloud,  by  wliich  it  appeared  to  be 
completely  enveloped.  T.  lie  inhabitants  as  well  about 
the  fori,  as  on  the  declivities  of  the  mountain, 
alarmed  by  this  appearance,  betook  themselves  to 
flight ;  but  before  they  couUi  all  save  themselves,  the 
mountain  began  to  give  way,  and  the  greatest  part  of 
it  actual ly ye// (n,  and  disappeared  in  the  earth.  At 
the  same  time  a  tremendous  noise  was  heard,  resem- 
bling the  discharge  of  the  heaviest  cannon.  Immense 
quantities  of  volcanic  substances,  which  were  thrown 
out  at  the  same  time,  and  spread  in  every  direction, 
propagated  the  effects  of  the  explosion,  through  the 
space  of  many  miles." 

"  It  is  estimated  that  an  extent  of  ground  of  the 
mountain  itselfi  and  its  immediate  environs,  fifteen 
miles  long,  and  full  six  broad,  was  by  this  commotion 
swallowed  up  in  the  bowels  of  the  earth.  Several 
persons  sent  to  examine  the  condition  of  the  neigh- 
bourhood, made  report  that  they  foimd  it  impossible 
to  approach  the  place  where  the  mountain  stood,  on 
account  of  the  heat  of  the  substances  which  covered 
its  circumference,  and  which  were  piled  on  each 
other;  although  tliis  was  the  24th  of  September,  and 
thus  full  six  weeks  after  the  catastrophe.  It  is  also 
mentioned,  that  forty  villages,  partly  swallowed  up 
by  the  ground,  and  partly  covered  by  the  substances 
thrown  out,  were  destroyed  on  this  occasion,  and 
that  two  thousand  nine  hundred  and  fifty-seven  of 
the  inhabitants  perished.  A  proportionate  number 
of  cattle  was  also  destroyed,  and  most  of  the  plant- 
ations of  cotton,  indigo,  and  coiTee,  in  the  adjacent 
districts,  were  buried  under  the  volcanic  matter.  The 
effects  of  this  explosion  are  still  very  apparent  in  the 
remains  of  this  volcano." 
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It  has  been  already  stated,  that  the  volcanoes  in 
the  Andes  more  frequently  throw  out  water  and 
mud  than  lava.  The  damage  which  these  aqueous 
and  muddy  eruptions  occasion,  is  often  prodigiously 
great.  Sometimes  the  deluge  of  water  attending  a 
volcanic  explosion  does  not  come  from  the  interior 
of  the  earth,  but  from  the  snow  which  covers  the 
mountain  being  rapidly  dissolved ;  but  in  other  in- 
stances it  proceeds  from  the  crater.  Interior  cavities 
of  vast  extent  and  depth,  containing  water,  are 
opened  during  an  eruption,  and  the  water  coming 
into  contact  with  ignited  lava,  is  forcibly  driven  out, 
and,  according  to  Humboldt,  carries  along  with  it  a 
great  quantity  of  small  fishes,  which  he  has  denomi- 
nated pimelodes  Cyclopum.*  These  fishes  are  about 
four  inches  in  length,  and  are  of  the  same  species 
that  inhabit  the  neighbouring  brooks  and  lakes :  the 
number  thrown  out  is  sometimes  so  great,  that  their 
putrefaction  contaminates  the  air,  and  occasions 
serious  maladies  among  the  inhabitants  of  the  ad- 
jacent country. 

Though  the  water  ejected  from  volcanoes  may  in 
many  instances  be  regarded  as  of  accidental  occur- 
rence, I  conceive  it  to  be  different  with  those  muddy 
eruptions,  which  cover  large  tracts  of  country  with 
strata  containing  bituminous  or  inflammable  matter : 
these  strata  are  as  essentially  volcanic  products,  as 
the  matter  thrown  out  of  the  volcano  of  Macaluba  in 
Sicily,  which  never  ejects  lava ;  and  we  are  hence 
instructed,  that  one  of  the  substances  which  promotes 
volcanic  combustion,  is  bitumen  or  carbon.  The 
muddy  eruptions  in  the  Andes,  .when  first  ejected, 
have  little  consistence  or  tenacity ;  but  they  soon 
become  hard,  and  form  what  is  called  by  the  inhabit- 
ants moya  ;  it  is  dark  coloured  and  soils  the  fingers, 
and  is  used  instead  of  turf  for  fuel. 

*  It  ought  to  be  stated,  that  the  existence  of  internal  cavities 
filled  with  water  supplied  from  the  melted  snow,  is  an  inference 
from  volcanic  phenomena,  which,  however  reasonable  it  may  ap- 
pear, it  is  impossible  to  prove. 
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Boiling  springs,  and  thermul  waters,  must  be  classed 
with  volcanic  phenomena ;  for  it  can  scarcely  be 
doubted,  that  the  geysers  in  Iceland,  which  throw 
np  cohimns  of  boiling  water  at  intervals,  to  the 
height  of  seventy  or  eighty  feet,  are  occasioned  by 
the  subterranean  fires  which  extend  under  that 
island.  To  the  same  cause  must  be  ascribed  the 
boiling  fountains  in  the  island  of  .St  Michael,  one  of 
the  Azores.  The  hot  springs  in  the  vicinity  of  the 
Pyrenees,  in  Italy,  and  in  other  paits  of  the  world, 
may  with  much  probability  be  supposed  to  have  a 
similar  source  of  heat.  The  unvaried  equality  of 
their  temperatures  for  centuries,  proves  that  this 
source  lies  far  below  the  agency  of  those  causes 
which  operate  on  the  surface.  It  has  been  remarked, 
that  hot  springs  are  most  frequent  in  volcanic  and 
basaltic  countries.  Thontjh  no  active  volcano  exists 
in  the  Pyrenees,  M.  Dralet,  in  his  Description  ties 
Pyre?iee.%  says,  "  that  the  hot  springs  and  fre<|uent 
earthquakes  in  different  parts  of  this  chain,  offer 
proofs  of  the  present  operation  of  subterranean  fires." 
I  have  described  the  thermal  waters  of  the  Alps  in 
the  second  volume  of  my  "Travels  in  the  Tarentaise," 
and  in  Chap.V.  p.JJlJ.  of  the  present  work. 

However  powerful  the  effects  of  subterranean  fire 
may  be  in  various  parts  of  the  globe,  we  nmst  con- 
clude, from  the  remains  of  ancient  volcanoes,  that  in 
a  former  period,  the  action  of  volcanic  fire  has  been 
far  more  extensive  and  intense  than  at  present. 

According  (o  Breislak,  an  Italian  geologist,  in  a  * 
space  of  twenty  miles  in  length  and  ten  in  breadth, 
between  Naples  and  Cumea,  there  are  no  less  than 
sixty  craters ;  some  of  them  are  larger  than  tliat  of 
Vesuvius.  One  of  them  is  two  miles  in  diameter. 
The  city  of  Cumea,  founded  twelve  hundred  years 
before  the  Christian  era,  is  built  in  the  crater  of  an 
ancient  volcano. 

In  other  parts  of  Italy,  there  are  undoubted  vestiges 
of  ancient  volcanoes.  In  Sicily,  there  are  a  number 
of  extinct  volcanoes,   beside  those  connected  with 
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^tna.  Many  islands  in  the  Grecian  Archipelago 
are  volcanic.  There  are  remains  of  large  volcanic 
craters  in  Spain  and  Portugal ;  and  the  extinct  vol- 
canic mountains  in  the  middle  and  southern  parts  of 
France,  cover  several  thousand  square  miles.  On 
the  eastern  banks  of  the  Rhine,  and  the  environs  of 
Andernach,  there  are  numerous  extinct  volcanoes. 

It  is  further  to  be  noticed,  that  the  craters  of 
ancient  volcanoes,  are  many  of  them  of  far  greater 
size  than  the  present  ones.  Vesuvius  is  a  compara- 
tively small  cone,  raised  within  the  crater  of  a  larger 
volcano.  The  cone  of  the  Peak  of  Tenerifle,  ac- 
cording to  the  description  of  travellers,  stands  within 
a  volcanic  plain,  containing  twelve  square  leagues  of 
surface,  surrounded  by  perpendicular  precipices  and 
mountains,  which  were  the  border  of  the  ancient 
crater.  If  the  opinion  of  M.  Humboldt  be  correct, 
all  these  craters  are  diminutive  apertures,  compared 
with  the  immense  chasms  through  which,  in  remote 
ages,  subterranean  fire  has  forced  a  passage  through 
the  crust  of  the  globe. 

"  The  whole  of  the  mountainous  parts  of  Quito," 
he  says,  "  may  be  considered  as  one  immense  volcano, 
occupying  more  than  seven  hundred  square  leagues 
of  surface,  and  throwing  out  flames  by  different  cones, 
known  by  the  denominations  of  Cotopaxi,  Tungu- 
rahua,  and  Pichincha.  In  like  manner,''  he  adds, 
"  the  whole  group  of  the  Canary  Islands  is  placed  as 
it  were  on  one  submarine  volcano.  The  fire  forces  a 
passage  sometimes  through  one,  and  sometimes 
through  another  of  these  islands.  Teneriffe  alone, 
contains  in  its  centre  an  immense  pyramid  terminated 
by  a  crater,  throwing  out  from  one  century  to  another 
lava  by  its  flanks.  In  the  other  Canary  Islands,  the 
different  eruptions  take  place  in  various  parts,  and 
we  nowhere  find  those  isolated  mountains,  to  which 
volcanic  effects  are  restrained.  The  basaltic  crust 
formed  by  ancient  volcanoes  seems  every  where  un- 
dermined ;  and  the  currents  of  lava  seen  at  Lanzerote 
and  Palma  remind  us,"  he  adds,  "  by  every  geolo- 
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tgical  affinity,  ot"  the  eruption  which  took  place  in 
1301  at  the  Isle  of  Ischia,  amid  the  tufas  of  Epimeo." 
In  the  preceding  part  of  the  present  chapter,  I 
have  endeavoured  to  give  a  succinct  account  of  the 
most  important  volcanic  phenomena.  The  only  form- 
ations  of  hard  crystalline  rocks  in  the  present  day 
are  volcanic ;  and  if  we  trace  the  connection  that 
exists  between  modern  and  ancient  volcanic  rocks, 
and  between  the  latter  and  the  rocks  of  trap  and 
porphyry,  among  the  ancient  rock-formations,  we 
shall  extend  the  dominion  of  Pluto  over  a  large  por- 
tion of  the  globe. 

Many  of  the  ancient  volcanic  rocks,  have  not 
flowed  in  currents  from  limited  apertures,  like  modem 
lavas.  "  The  volcanic  porphyries  on  the  back  of 
the  Cordilleras,"  says  M.  Humboldt,  '*  are  undoubt- 
edly oi"  igneous  origin  ;  but  the  mode  of  their  form- 
ation is  not  like  that  of  modern  lavas,  which  have  been 
erupted  since  the  excavation  of  valleys.  The  action 
of  volcanic  fire  by  an  isolated  cone  or  crater  of  a 
modern  volcano,  differs  necessarily  from  the  action 
of  this  fire,  through  the  fractured  crust  of  the  globe." 
It  has  been  observed  by  the  same  geologist,  that  the 
further  back  we  can  trace  volcanic  eruptions,  the 
greater  is  the  similarity  between  their  products,  and 
the  rocks  which  are  regarded  as  the  most  ancient;  - 
hence  the  countries  that  have  been  the  seats  of  ancient 
volcanoes,  are  particularly  interesting  to  the  geologist. 
In  Auvergnc,  and  the  more  southern  parts  of  France, 
there  are  extinct  volcanoes  of  different  ages,  cover- 
ing with  their  products  several  thousand  square  miles. 
The  most  recent  oi'  these  volcanoes  has  been  extinct 
or  dormant  since  the  records  of  authentic  history, 
and  probably  tor  a  longer  period.  Julius  Cflesar,  who 
was  encamped  on  this  volcanic  soil,  and  has  described 
the  country,  makes  no  allusion  to  its  liavingbeen  the 

_seat  of  active  volcanoes." 

iiited  the  extinct  volcanoes  of  France  in    the  spring  of 

111  [lublislied  an  account  of  iJiciii  in  the  2d  volume  of  my 

els,  accompanied  wltli  cuts,  und  a  Section  and  outline  of  the 
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West  of  the  town  of  Clermont,  there  is  an  extensive 
granitic  plain,  rising  about  sixteen  hundred  feet  above 
the  level  of  the  river  Allien  On  this  plain  there 
are  numerous  cones,  and  dome-shaped  hills,  varying 
in  height  from  twelve  hundred  to  two  thousand  reet; 
some  of  these  cones  have  well-preserved  craters,  and 
the  cones  themselves  are  chiefly  formed  of  scoriaceous 
lava.  These  are  the  most  recent  volcanoes  of  that 
country;  their  products  differ  in  no  respect  from 
those  of  modern  volcanoes,  except  that  the  lava  may 
often  be  observed  passing  to  the  state  of  compact 
'  basalt,  exactly  similar  to  many  of  the  basaltic  rocks 
in  Great  Britain.  That  these  volcanoes  are  the  most 
recent,  is  proved  by  the  lava  flowing  down  from  them 
into  the  present  valleys ;  and  hence  we  are  cei^ain, 
that  the  eruptions  must  have  taken  place  subsequently 
to  the  excavation  of  the  valleys.  There  are  other 
currents  of  lava  from  more  ancient  volcanoes,  that 
have  flowed  before  the  valleys  were  excavated,  and 
form  isolated  caps  on  the  hills  that  enclose  the  pre- 
sent valleys.  These  currents  of  lava  are  composed 
chiefly  of  compact  basalt:  the  position  of  these 
isolated  caps  of  basalt  is  similar  to  that  on  the  hill  b^ 
(Plate  III.  fig.  2.)  but  they  are  not  always  columnar. 
The  openings  from  whence  these  beds  of  basalt 
have  flowed  cannot  be  always  traced;  but  as  we 
can  observe  the  change  from  scoriaceous  lava  to 
basalt  in  the  currents  of  undoubted  lava,  we  cannot 
hesitate  to  admit,  that  the  basalt  which  forms  these 
caps,  must  have  had  a  similar  origin.  Under  the 
caps  of  basalt,  there  are  in  many  situations  thick 
beds  of  volcanic  tufa,  containing  bitumen,  which 
will  be  subsequently  noticed.  Beside  the  volcanoes 
with   craters,  that  have   ejected   currents   of  scori- 


country  round  Clermont,  which  is,  I  believe,  the  first  attempt  to 
render  in  this  manner  the  structure  of  this  volcanic  district  intel- 
li^ble  to  the  general  reader.  Without  the  aid  of  sections  and 
dn^ams,  it  is  difficult  to  obtain  a  distinct  notion  of  the  relative 
^■viiitiQii  of  the  different  volcanic  formations. 
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aceou3  lava  and  basalt,  and  poured  them  into  the 
valleys;  and  beside  the  more  ancient  volcanoes,  that 
have  formed  beds  o("  basalt  before  the  excavation 
of  the  valleys,  — there  are  other  volcanic  mountains, 
which  have  rounded  summits  or  domes,  without  any 
pertbration  or  crater,  and  these  are  chiefly  composed 
of  whitish  or  grey  earthy  felspar,  containing  im- 
bedded crystals  of  felspar :  to  this  rock  the  name 
of  trachyte  has  been  given,  on  account  of  its  rough 
fracture.  It  may  be  properly  called  a  volcanic 
porphyrj'. 

The  first,  or  more  recent  volcanoes,  resemble  in 
every  particular  the  existing  volcanoes  in  various 
parts  of  the  world ;  and  the  currents  of  lava  may 
be  traced  from  their  sides  along  the  granitic  plane 
on  which  the  volcanoes  stand,  and  thence  into  the 
adjacent  valleys  for  many  miles.  The  lava  appears 
as  fresh  as  the  recent  lavaa  from  Vesuvius,  though 
it  has  been  exposed  to  the  action  of  the  atmosphere 
for  some  thousand  years.  The  Puy  de  Pariou  is 
the  most  perfect  of  these  volcanic  cones.  The  follow- 
ing description  of  it  is  taken  from  the  2d  volume 
of  my  Travels; — "  We  were  one  hour  in  going  from 
La  Barraque,  a  mountain  village,  to  the  foot  of  the 
Puy  de  Pariou,  where  we  left  our  char,  and  another 
hour  in  ascending  to  the  summit,  as  we  halted  several 
times  to  rest.  As  nearly  as  I  could  estimate,  the 
summit  of  this  mountain  rises  about  one  thousand 
feet  above  the  plain,  and  is  therefore  about  three 
thousand  eight  hundred  feet  above  the  level  of  the 
sea.  The  crater,  which  is  the  best  preserved  of  any 
in  Auvergne,  is  nearly  circular.  I  walked  round  it, 
and  its  circumference  is  about  eight  hundred  yards. 
Its  shape  is  that  of  an  inverted  cone  or  funnel  quite 
perfect.  The  edge  or  rim  of  the  crater  is  narrow, 
from  which  the  descent  or  slope  is  very  rapid  on 
each  side:  the  depth  of  the  crater  from  the  highest 
part  of  the  edge  (which  is  on  the  southern  side)  to 
the  small  plain  at  the  bottom,  may  be  about  three 
hundred  and  twenty  feet;    and   from   tlie   western 


398  PUY    DE    PARIOU. 

Side,  about  two  hundred  and  sixty  English  feet 
The  lava  which  flowed  from  Pariou  to  La  fiarraque, 
and  thence  towards  the  plain  of  Clermont,  is  gene- 
rally supposed  to  have  issued  ti*om  the  crater;  but 
had  this  been  the  case,  the  crater  would  not  have 
been  so  entire  as  it  is ;  and  I  am  fuliy^convinced, 
that  the  eruption  of  such  a  mass  of  lava  must  have 
broken  down  one  of  the  sides,  as  at  Nugere,  which 
we  afterwards  visited,  and  the  Puy  de  Vache.  There 
appears,  I  think,  decisive  marks  of  die  lava  having 
flowed  from  an  opening  on  the  north-east  side  of  the 
mountain,  to  which  it  may  be  traced.  Indeed  on 
this  side  there  are  the  indications  of  a  much  larger 
crater,  which  has  its  escarpments  turned  towvds 
the  Puy  de  Pariou  like  those  of  Mount  Somma, 
which  are  turned  towards  Vesuvius.  The  Puy  de 
Pariou  was,  in  all  probability,  a  volcanic  cone, 
formed  within  the  larger  crater  by  its  last  eruption 
of  scoriae. 

"  The  annexed  cut,  from  a  drawing  I  made  near 
the  foot  of  the  mountain,  represents  the  external 
shape  of  the  Puy  de  Pariou,  and  the  dotted  lines 
show  the  form  and  the  relative  depth  of  the  crater, 
the  bottom  of  which,  a  a^  is  about  three  hundred 
and  twenty  feet  below  the  highest  part  of  the  rim  r. 
The  current  of  lava,  b  6,  is  on  the  north-east  side  of 
the  present  mountain.  The  internal  shape  of  Pariou 
approaches  to  quadrilateral,  or  is  that  of  a  cone 
compressed  on  each  side,  and  somewhat  elongated 
from  north  to  south.  The  bottom  of  the  crater  is 
nearly  flat ;  there  was  a  little  water,  from  the  recent 
melting  of  the  snow,  remaining  in  some  of  the 
hollows :  indeed  we  were  told  at  Clermont  that 
we  should  find  the  crater  filled  with  snow.  It  was 
early  in  May  :  but  the  snow  was  gone,  and  grass  was 

S growing  in  some  parts ;  others  were  covered  with 
oose  masses  of  scoriae.  Owing  to  the  great  porosity 
of  the  soil,  the  crater  of  Pariou  seems  doomed  to 
perpetual  sterility,  —  there  is  no  tree  or  shrub  within 
it ;  while  that  of  Vesuvius,  after  a  cessation  of  erup- 
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tions  for  only  four  centuries,  was  cov^^  with  large 
che3tnut  trees,'*  —  Vol.  ii.  page  307* 

In  the  Puy  de  Pariou,  and  many  other  vcJcanic 
mountains  of  this  district,  there  is  nothing  partica- 
larly  remarkable,  except,  that  the  lavas  which  have 
flowed  from  them  at  a  remote  period^  should  pre- 
serve   all   the  freshness  of  recent  lavas,   and  that 
volcanoes  so  well  characterised,  both  by  their  forms 
and   mineral  products,    should   have  remained  nm 
noticed  until  the  middle  of  the  last  century.     The 
round-topped  or  dome-shaped  hill  on  the  left  of  the 
Puy  de  Pariou  is  called  Sarcoui ;  it  belongs  to  tiiat 
class  of  volcanoes  that  have  no  craters,  which  ■  wil) 
subsequently  be   noticed.     The   more  ancient  Tok 
canoes,   that   have  poured  out  the  thick   beds  o§ 
basalt  that  cap  many  of  the  valleys  round  Clennoo(y 
cannot    always    be    traced,    as   the  openings  fixiilv 
whence  it  issued  may  be  covered  by  the   lava  tjfi 
more  recent  eruptions.     In  order  to  obtain  a  mocei 
distinct  idea  of  the  position  of  these  caps  of  basalt 
it  will   be   necessary  to  remark,  that  the  granitict 
plain   above   Clermont,  and  the  hollows  or  valleys 
in   its  sides,   received  their  present  form   prior  to 
the  most  ancient  volcanic  eruptions;  these  hollows,: 
or  ancient  valleys,  were  probably  basins  or  lakes, 
in  wliich  were  deposited  a  vast  thickness  of  calca« 
reous  strata,   containing   freshwater  shells,  and  the 
bones  of  land  quadrupeds.     Into  these  lakes,  tliere 
has  flowed  a  vast  mass  of  volcanic  tufa,  covering: 
the   limestone,   and   sometimes   intermixed  with   iL:, 
The  volcanic  tufa,  and  the  freshwater  stmta,  appear. 
to  have  filled  up  the  ancient  valleys  or  lakes;  and:, 
on  this  tufa,  the  basalt  was  deposited  by  a  subsequent , 
eruption.     At  a  later  period,  diluvial  currents  have^L 
furrowed  excavations  or  new  valleys  in  the  basalt,  5 
in  the  subjacent  tufa,  and  in  the  freshwater  limestone^  i 
leaving  detached  portions  or  hills,  composed  of  basalt, 
tufa,  and  limestone,  which  once  were  parts  of  con-  ^ 
tinuous  beds.     Into  these  new  valleys,  the  lava  of 
the  most  recent  volcanoes  has  flowed.     The  most 
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remarkable  circumstance  attending  these  more  an- 
cient  eruptions,  is  tlie  bituminous  nature  of  tlic  tufa, 
whicli  forms  tlie  lowest  bed,  and  covers  the  fresh- 
water limestone  of  Gergovia,  Canturges,  and  the 
neighbouring  hills.  This  tiita  is  in  some  parts  more 
than  three  hundred  feet  thick  i  it  consists  of  earthy 
basalt  or  wacke,  intermixed  with  himps  of  scorise 
and  basalt,  and  in  some  places  witli  limestone :  it  is 
every  where  impregnated  with  bitumen.  The  tufa 
of  Aiivergne  bears  evident  marks  of  being  the 
product  of  an  aqueous  or  muddy  eruption,  intermixed 
with  lava  and  scoriae,  which  increase  in  quantity  in 
the  upper  part  of  the  mass,  and  at  length  cover  it 
with  compact  lava  or  basalt.  That  the  tufa  was 
ejected  in  an  aqueous  or  muddy  state  is  proved,  by 
the  quantity  of  bitumen  which  it  contains :  by  any 
other  mode  of  formation,  the  bitumen  would  have 
been  consumed.  By  some  former  writers  it  has 
been  supposed  that  the  tufa  is  an  alluvial  bed  of 
sediment  and  water-worn  fragments ;  but  the  bitu- 
minous nature  of  this  bed  excludes  the  probability 
of  this  mode  of  formation ;  and  at  Montadoux,  the 
upper  part  of  the  tufa  may  be  clearly  seen  passing 
into  basalt.  In  some  situations,  however,  the  tufa 
has  been  transported  from  its  original  situation,  and 
intermixed  with  fiagments-of  more  ancient  rocks. 

The  dome-shaped  hills  without  craters,  composed 
of  volcanic  porphyry  or  trachyte,  have  given  rise 
to  much  speculation  respecting  their  origin.  Some 
geologists  contend  that  they  are  only  the  remains 
of  one  vast  bed  of  trachyte,  of  which  the  other  parts 
are  washed  away.  Others  contend  that  they  are 
merely  portions  of  the  granite  on  which  they  rest; 
and  that  this  granite  has  been  wholly  or  partially 
fused,  and  upheaved,  by  the  expansive  force  of 
subterranean  fire.  This  mode  of  formation  is  ren- 
dered probable,  by  what  may  be  observed  at  the 
Puy  de  Chopine,  which  is  a  mountain  standing 
within  a  crater ;  this  mountain  is  partly  composed 
"  unaltered  granite  and  sienite,  and  partly  of  vol- 
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canic  trachyte,  and  appears  to  have  been  upheaved, 
•bisffore  the  fusion  of  the  granite  had  been  efiected. 

The  Puy  de  D6me,  near  the  summit,  is  chiefly 
composed  of  whitish  trachyte  intermixed  with  uh- 
akered  granite;  the  lower  part  of  tiie  mountain  is 
covered  with  scoriaceous  and  compact  lava.  The 
dome  of  this  mountain  rises  2000  feet  above  the 
elevated  grafnitic  plain  on  which  it  stands,  and  4797 
feet  above  the  level  of  the  sea :  it  has  no  crater  or 
opening  on  the  top  j  but  Dr.  Daubeny  says>  two 
streams  ^f  lava  appear  to  have  pierced  the  sidte 
df  the  mountain,  and  to  have  descended  iato  the 
valleys*  In  this  respect  the  Puy  de  Ddme  reaeoibles 
the  enormous  dome  of  trachyte  on  the  summit  fflf 
Chimborazo,  twenty  thousand  feet  above  the  leVel  of 
the  sea,  which»  according  to  Humboldt,  acts  mech*- 
'*ically  on  the  neighbouring  country,  fracturing  the 
strata,  and  changing  the  surface  of  the  soil ;  but 
it  has  no  permanent  opening,  neither  on  its  summit 
nor  sides.  In  some  of  these  dome-shaped  hiU% 
the  action  of  subtei'ranean  heat  appea'is  to  havfe 
been  so  intense,  as  to  reduce  the  whole  into  a 
spongy  pulverulent  mass ;  but,  what  is  remarkable^ 
in  the  middle  of  this  spongy  mass,  lumps  of  scori- 
aceous lava  are  sometimes  found.  ^It  has  beet 
objected  to  the  formation  of  trachyte  or  volcnuic 
porphyry  from  granite,  that  it  contains  a  \ery  small 
portion  of  quartz ;  but  in  this  respect  it  resembles 
many  granite  rocks  in  Auvergne,  in  which  the  quartz 
is  scarcely  perceptible. 

In  the  volcanic  districts  south  of  Glermbnt,  the 
porphyry  becomes  more  compact,  and  assumes  the 
hardest  state  of  that  rock;  the  base  of  the. stone  is 
sometimes  green,  and  the  crystals  of  felspar  white : 
it  will  receive  a  fine  polish,  like  the  green  porphyry 
of  the  ancients. 

The  basaltic  rocks  also  extend  south  of  Clermont, 
into  the  districts  called  the  Velay  and  Viverrais, 
and  cover  a  great  portion  of  the  soil.  Near  Mon- 
pezat,  Tbueys,  and  Jaujac,  according  to  M»  Fauj 
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St  Fond,  there  are  small  volcanic  mountains,  with 
distinct  currents  of  lava,  that  appear  to  issue  from 
their  feet,  and  flow  into  the  valleys.  ITie  lower 
part  of  the  lava  is  scoriaceous,  but  the  upper  part 
is  hard  sonorous  basalt,  arranged  in  columns  as 
perfect  as  those  of  Staffa  or  the  Giant's  Causeway. 
We  have  here  a  decisive  proof  of  the  fgneous  form- 
ation  of  columnar  basaltic  rocks.  <*The  basaltic 
formation  extends  into  the  South  of  France,  to  the 
iiofders  of  the  Mediterranean  Sea,  where,  near  to 
Adge,  is  the  extinct  volcano  of  Saint  Loup,  the 
Mllular  lava  of  which  is  employed  in  tlie  coa^ 
irtruction  of  buildings  on  the  canal  of  Languedoc*' '-^ 

1  *  There  are  numerous  extinct  volcanoes  in  several 
f$tte  of  Germany,  particularly  in  some  of  the  districts 
bordering  the  Rhine :  these  volcanoes,  like  those  of 
kt^ntrsi  France,  belong  to  different  epochs,  but  the 
M0£^  recent  appear  to  be  more  ancient  than  the 
eilrliest  periods  of  authentic  history.  In  the  volcanic 
district  of  Eyfel,  between  the  Rhine  and  the  Moselle, 
•are  scattered  numerous  smalt  cones  and  eminences, 
some  with  craters,  the  bottoms  of  which  are  filled  with 
Water,  forming  lakes  or  meres,  without  outlets.  A 
Gertnan  geologist  divides  these  volcanoes  into  three 
classes :  — 

1.  Those  which  have  lakes  or  meres,  and  have 

ejected  nothing  but  loose  fragments  of  rock 
with  balls  of  scoriae  and  sand:  of  these  there 
are  eight  in  that  district. 

2.  Those  which  have  ejected   fragments  of  slag, 

sometimes  loose,  and  sometimes  cemented: 
of  these  there  are  eight. 

3.  Those  which  have  ejected  streams  of  lava :  of 

these  six  are  enumerated. 

*  In  the  article  "  Volcano,"  which  I  wrote  for  Dr.  Reea'a  Cy- 
clopedia, I  endeavoured  to  collect  all  the  most  important  detads 
ot  volcanic  phenomena  then  known,  and  have  given  an  account  of 
different  experiments  made  on  lava  by  Spallaozani  and  others^ 
^ieh  tbe  Uiniti  c£  the  preteot  volume  >wiU  not  |dbm  ma  to^i^ptifq. 
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According  to  Dn  Daubeny,  who  has  visited  these 
craters,  the  currents  of  lava  have  not  been  satis- 
factorily traced  to  their  source,  being  sometiin^ 
buried  under  heaps  of  volcanic  matter  subseque^ndy 
ejected.  These  volcanoes  rise  through  transition 
rocks  of  slate  and  limestone.  The  Seven  Mountains 
near  Bonn,  belong  to  a  very  remote  volcanic  epoch. 
Those  readers  who  intend  to  visit  the  countries  near 
the  Rhine,  will  do  well  to  consult  Dr.  Daubeny's 
work  on  volcanoes,  in  which  will  be  found  the  best 
information  respecting  the  extinct  volcanoes  of  Ger- 
many. 

In  proportion  as  the  surface  of  the  earth  becomes 
properly  examined,  our  knowledge  of  extinct  vol- 
canoes is  enlarged  in  various  countries.  According 
.tp  Burckhardt,  there  are  several  in  Arabia :  a  volcaiio 
broke  out  near  the  city  of  Mecca  some  centuries  af^r 
its  submission  to  the  Mahometan  faith.  Extinbt 
'volcanoes  are  traceable  in  the  vicinity  of  Mount 
Sinai,  and  from  thence  to  the  Dead  Sea.  Ttie 
indications  of  volcanic  action  in  Persia,  and  in 
various  parts  of  the  Asiatic  continent,  are  too  nunie- 
rous  to  be  cited :  some  of  the  mountains  far  removed 
from  the  sea  still  emit  smoke  and  vapour. 

PseudO' Volcanoes.  —  To  the  accidental  combustion 
of  beds  of  coal,  the  Germans  have  given  the  name 
of  Pseudo- Volcanoes.  There  are  instances  of  coal 
mines  having  been  on  fire  for  many  years  j  but  they 
are  too  limited  in  extent  or  activity,  to  bear  any 
coniparison  with  volcanic  fires.  Near  Bilston  in 
Staitordshire,  there  are  coal  mines  which  have  been 
continually  burning  for  a  long  period ;  the  effect  of 
the  fire  on  the  beds  of  clay  deserves  notice,  as  it  con- 
verts them  into  a  substance  resembling  jasper. 

There  have  been  instances  of  portions  of  the  clifis 

of  England  taking  fire  spontaneously,  and  burning 

for  a  considerable  time  :  this  is  at  present  the  case  in 

a  cliff  near  Weymouth,     In  the  last  century,  afler  a 

.^Qt  summer,  and  heavy  rains,   the  cliff  near  Cliar- 

^iboutbin  Dorsetshire  took  fire,  arid  continued  burhltfg 
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for  several  months.  When  portions  of  the  chffsnear  J 
Whitby  in  Yorkshire  i'M  upon  tbt  beach,  and  become-1 
nioisteneil,  they  are  sometimes  spontaneously  i^nite^  I 
The  same  effect  takes  place  in  the  Staflbrdshire  cod*] 
mines ;  when  parts  of  the  bed  of  indurated  clay  whJcf  ' 
forms  the  roof  of  the  coal  fall  down,  and  becomij 
moistened,  it  takes  fire  spontaneously:  and  hence  thill 
combustible  clay  is  provincially  called  iotc. 

All  these  instances  of  spontaneous  combystic^ 
admit  of  a  satisfiictory  explanation.  The  cliffs  i 
Cltarmoiith  and  Whitby  are  composed  of  lias  clay.(| 
much  intermixeil  with  bituminous  and  carbonaceoittV 
matter,  and  tiie  sulpburetof  iron  (iron  pyrites)  ;  sucfiJ 
is  also  the  composition  of  the  inflammable  clay  whichii 
forms  the  roof  of  tlie  coal  in  Staffordshire  ;  and  thfc  1 
clay  which  forms  the  cliffs  near  Weymouth  is  simila^  I 
ill  composition  to  the  lias  clay  of  Charmoiith  anft  ] 
AVhitby,  though  it  belongs  to  an  upper  part  of  tHp  I 
secondary  strata.  Iron  pyrites  abound  in  these  cliffii^  I 
af)fi  it  is  a  well-known  property  of  this  mineral,  mj 
decompose  rapidly  wlien  laid  in  heaps  and  moisteni^J 
with  water.     Durin<r  this  rapid  decomposition,  st^m 

jficient  heat   is    evolved  to    ignite   the    bituminoi&J 
matter  in  the  clay  :  and  tlie  clay,  when  once  ignite^  J 

j^^jjl  burn  for  a  long  period  :  — this  is  proved  in  tmJ 
process  employed  for  making  alum  at  Whitby.  ThereT 
can  be  little  donbt  that  this  spontaneous  combustioh  J 
might  be  imitated  artificially  by  mixing  pyrites  artfti 
bituminous  clay  or  shale,  and  moistening  the  heai) 
with  water.  The  experiment  of  Lemery  is  well 
known ;  he  mixed  twenty-five  pounds  of  powdered 

■  sulphur  with  an  equal  weight  of  iron  filings ;    and, 

'having  made  with  water  a  paste  of  the  mixture,  he 
put  it  into  an   iron  pot  covered  with  a  cloth,  and 

■iburied  it  a  foot  under  ground.  In  about  eight  hours 
tlie  earth  swelled  and  cracked,  and  hot  sutphureous 

^'vapours  were  exhaled ;  a  flame  was  observed  to  issue 
through  the  cracks,  and  the  ground  was  covered 
with  a  yellow  and  iilack  powder:  thus  a  subterrane- 

"  «U3  tire  was  produced  by  the  cbemic^  combination  of 

^-  T>  n  -ft    ■■■■-■■  :-A-  l;    il^vj-.'lK | 
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ffulphur,  iron,  and  water.  In  the  cliffi  of  Charmonth, 
Whitby  and  Weymooth^  we  have  precisely  the  same 
inineral  substances  combined,  that  were  used  in  the 
Experiment  of  Lemery. 

The  earth  itself  is  in  all  probability  the-  great 
laboratory  in  which,  by  the  aid  of  subterranean  heat, 
are  combined  and  prepared  the  mineral  substances 
that  compose  the  hard  crystalUne  crust  of  the  globe. 
All  the  minerals  which  form  primary  rocks,  occur  in 
a  perfect  state  in  modern  or  ancient  lava.  The  sub- 
stances ejected  through  fissures  in  the  earth,  or  vd- 
eandes,  belong  to  the  four  grand  divisions  of  the 
mineral  kingdom,  — •  the  inflammable,  saline,  metaUk, 
atid  earthy. 

'The  inflawmaUe  substances  are  sulphur,  carbon, 
tind  hydrogen.  .  The  inflammable  quaUty  of  sulphur 
jMrevents  its  being  found  in  lava  in  a  solid  form; 
during  volcanic  eruptions  it  is  evolved  in  a  gaseous 
State  combined  with  hydrogen.  It  is  also  sublimed 
from  the  fissures  of  extinct  or  dormant  volcsinoes, 
and  forms  thick  incrustations  on  the  sides  of  the 
cJraters.  Almost  all  the  sulphur  of  commerce  in 
Europe  is  procured  from  the  craters  of  dormant  vol- 
canoes in  the  south  of  Italy,  Sicily,  and  the  lipari 
Islands.  When  the  combustion  of  sulphur  in  vol- 
canoes takes  place  where  there  is  access  to  atmo- 
spheric air,  it  forms  sulphureous  acid  gas,  and  sulphu- 
ric acid. 

Carbon  combined  with  hydrogen,  forming  bitumen, 
is  found  in  volcanic  rocks,  and  also  in  some  basaltic 
or  trap  rocks.  The  volcanic  tufa  in  the  vicinity  of 
Clermont,  in  France,  contains  so  much  bitumen,  that 
in  warm  days  it  oozes  out,  and  forms  streams  of 
bitumen  resembling  pitch,  which  is  the  more  remark- 
able, as  this  tufa  must  have  been  erupted  some 
thousand  years.  Bitumen  has  been  observed  oozing 
out  of  the  lava  of  jEtna.  The  moya  erupted  from 
the  volcanoes  in  the  Andes  in  aqueous  or  muddy 
eiliptions^  contains  so  much  bitumen  or  carbon,  as  to 
%e  inflammable.     As  bitumen  exists  in  many  volcaaic 
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rocks,  the  black  smoke  wliich  issues  during  an  6^p* 
tion  may  proceed  from  its  combustion,  tbougli  it  has 
generally  been  supposed  to  consist  of  minute  vol- 
canic sand,  called  ashes.  Carbon  also  combines  with 
hydrogen  in  a  gaseous  state,  and  forms  carbureted 
hydrogen  gas. 

The  hydrogen  gas  evolved  from  volcanoes^  or  from 
chasms  in  the  earth  during  earthquakes,  is  generally 
combined  with  sulphur  or  carbon ;  it  is  probablv 
formed  by  the  decomposition  of  water,  when  it  iinc^ 
access  to  subterranean  fire.  Whether  phosphorus  be 
a  product  of  volcanoes  is  unknown :  its  extreme 
inflammability  prevents  it  from  being  discovered  io  a 
concrete  form;  but  the  dense  white  clouds,  like  bales 
of  cotton,  which  sometimes  cover  Vesuvius,  resemble 
the  fumes  produced  by  the  combustion  o^  phosplKmis 
Among  the  products  of  volcanoes,  only  three  «i;e 
combustible  at  a  moderate  temperature ;  -—  sulphuTt 
hydrogen,  and  carbon.  It  has  been  conjectured  by 
Sir  H.  Davy,  that  the  earths  and  alkalies  which  form 
lavas,  exist  in  the  centre  of  the  globe  in  a  metallic 
state,  and  take  fire  by  the  access  of  water.  The 
property  of  the  newly-discovered  metals  to  inflame 
instantly  on  the  access  of  water  offers  an  easy  ex- 
planation of  the  origin  of  volcanic  fires,  could  we 
suppose  that  substances  so  extremely  inflammable  and 
oxidable  have  remained  for  ages  in  a  metallic  state. 
This  theory  is  now  abandoned.  There  may,  however, 
be  processes  going  on  in  the  vast  laboratory  of  the 
globe,  that  separate  the  earths  from  oxygen,  and  pre- 
pare them  for  the  support  of  volcanic  fires,  by  which 
they  are  thrown  upon  the  surface,  and  thus  establish 
a  communication  between  the  internal  and  external 
parts  of  our  planet 

TJie  saline  products  of  volcanoes  are  not  numerous. 
The  sulphureous  and  sulphuric  acids,  formed  by  the 
combustion  of  sulphur  during  eruptions,  act  upon 
lavas  and  rocks,  and  produce  different  combinations, 
of  which  the  most  important  are  alum,  sulphate  of 
magnesia,  sulphate  of  iron,  or  green  cc^perUf  Mid 
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'^gypsuni.  Miniate  of  ammonki,  or  Bal-ammoiifflC^  ferms 
an  incrustation  on  many  lavas  soon  after  the^  coblrc 
muriate  of  soda,  or  common  salt,  and  muriate  oTicnp^ 
per  and  of  iron,  are  found  in  the  craters  <^  volcaoe^ 
Muriatic  acid,  in  an  uncombined  state^  occttrsiin 
some  of  the  spongy  lavas  in  Auvergne*  ?   ni? 

The  principal  metallic  substances  in  volcanio  nxkk 
are  iron  and  titanium ;  but  ores  of  antimony,  copber, 
And  manganese,  have  sometimes  been  found  initfae 
:craters  of  volcanoes.  Tellurium,  gold^  and  merciny 
.are  abo  said  to  occur  in  some  volcanic  rocks.  •  Tm 
.island  of  Ischia,  which  is  entirely  volcanic^  contaiiB 
n  mine  of .  gold^  ^    n-;^,,! 

iron,  in  the  form  of  brilliant  lamina?,  caUedispe- 
calax  iron,  occurs  in  the  cavities  and  fissurlss  af-taiBfi^ 
ia;vas;  /  Magnetic  iron  ore,  and  oxide  of  iron^^ividh 
iron'  sand. and  titanium,  form  a  constituent  port'ttf 
.nearly  all  dark^coloured  lavas  or  basalt.  r  ^^^ 

:'  Tm  ear t hi/  products  of  volcanoes  are  either  vitie- 
'^ous,  or  stony,  or  scoriaceous,  or  spongy,  or  in  loose 
ipnains  or  powder.  Volcanic  rocks  are  composdl 
chiefly  of  felspar,  and  the  dark-coloured  mineral  cfailM 
augite;  they  contain  also  hornblende  and  grains  of 
-magnetic  iron  ore,  with  titanium  and  iron  sand,  aihl 
the  mineral  called  olivine.  Mica,  leucite,  iron  pyiite^ 
garnets,  rubies,  and  zircon  are  also  found  in  some 
volcanic  rocks.  The  different  states  of  lava,  whether 
idtreous,  compact,  or  scoriaceous,  depend  on  &e 
different  circumstances  under  which  it  has  cooled. 

Volcanic  rocks,    being    principally   composed   of 

the  two  minerals,  felspar  and  augite,  very  miinitely 

intermixed,  derive   their  principsd    characters  from 

the  prevalence  of  one  or  other  of  these  minerals. 

Those  lavas  in  which  felspar  greatly  predominates, 

have  generally  a  whitish  or  greyish  colour,  and  melt 

into  a  white  glass.     The  lavas  which  contain  a  large 

portion  of  augite,  have  a  dark  colour,  and  melt  into 

^a  black  glass.     According  to  M.  Cordier,  all  volcanic 

•Xocks  that  have  flowed  as  lava,  and  which  appear  t&e 

mc^^h^TXio^aaeaaSf,  are  composed  of  micr09C0|ric 
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ysfcilline  partideR,  belonging  to  a  small  number  of 
minerals,  particularly  felspar,  augite,  olivine,  and  iron 
sand ;  and  the  same  intermixture  of  minerah  may  be 
observed  in  all  scoriaceous  lava  and  in  basalt.  To  tlie 
white  or  grey  lava,  composed  principally  of  felspar, 
the  French  have  given  the  name  of  trachyte,  from  its 
breaking  with  a  rough  surface. 

Trachyte.  —  Common  or  stony  trachyte  ha^  gene- 
rally a  whitish  or  greyish  colour,  a  dull  earthy  ti'acture, 
and  13  more  or  less  fine-grained  ;  sometimes  the  grains 
are  very  minute,  and  it  has  then  a  compact  surface, 
and  sometimes  a  glistening  lustre,  in  which  state  it 
becomes  pearlslone.  Its  hardness  is  variable;  some 
of  the  trachytes  near  Clermont  are  spongy,  and  almost 
friable.  Trachyte  melts  readily  into  a  greyish  glaasj 
it  generally  contains  imbedded  cryshils  of  vitreous 
felspar.  Acicular  or  needle-shaped  crystals  of  horn- 
blende, hexagonal  crystals  of  mica,  and  grains  of  iron 
sand,  and  lamina;  of  specular  iron  ore,  occur  in 
trachyte.  Augite  is  seldom  tbund  in  the  trachyte  of 
Europe,  though  it  is  common  in  tlie  trachytes  of  the 
Andes.  The  claystone  of  Braid  Hill,  near  Edin- 
burgh, nearly  resembles  some  of  the  trachytes  in 
Auvergne;  but  it  is  not  porphyritic.  Trachyte  may 
be  regarded  as  an  earthy  form  of  felspar  j  it  is,  there- 
fore, unnecessary  to  speak  of  ita  constituent  parts. 
To  the  variety  of  trachyte  on  the  Puy  de  Dome, 
M.  Von  Bach  has  given  the  name  of  rfowMte,  —  a  term 
which  the  Frencli  geologists  have  properly  rejected, 
as  it  is  only  common  trachyte,  rather  whiter  than 
some  of  the  other  varieties.  It  has  before  been 
stated,  that  the  trachytes  in  Auvergne  were  probably 
formed  by  the  more  or  less  perfect  fusion  of  granite; 
like  the  granite  of  that  district,  they  contain  but  a 
very  small  portion  of  quartz. 

Trachyte  occurs  in  the  Lipari  Islands  in  a  perfectly 

vitreous    state,    forming  obsidian  or  volcanic  glass, 

which  is  sometimes  colourless,  and  sometimes  black; 

the  black  variety,  however,  forms  a  white  glass  when 

umelted.     The  colounng  matter,  being  fugitivet  is 
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probably  bitutnen :  in  this  respect  it  di^rs  fitm 
obsidian  formed  from  dark  lava  or  basalt:  the  lat- 
ter melts  into  a  black  glass.  Pumice  appears  to 
have  been  formed  from  felspar  or  trachyte,  exjMMi^ 
to  an  intense  heat,  which  has  reduced  it  to  a  fibrous 
mass. 

The  island  of  Lipari  contains  a  mountain  entirely 
formed  of  white  pumice :  when  seen  at  a  distance,  it 
excites  the  idea,  that  it  is  covered  with  snow  from  the 
summit  to  the  foot.  Almost  all  the  pumice*8tone 
employed  in  commerce  is  brought  from  this  im- 
mense mine.  The  mountain  is  not  one  compact 
mass,  but  is  composed  of  balls  or  globes  of  pumice 
aggregated  together,  but  without  adhesion.  From 
hence  Spallanzani  infers,  that  the  pumice  was  thrown 
out  of  a  volcano  in  a  state  of  fusion,  and  took  a 
globose  form  in  the  air.  Some  of  these  balls  of 
pumice  do  not  exceed  the  size  of  a  nut,  others  are  a 
foot  or  more  in  diameter.  Many  of  these  pumices 
are  so  compact,  that  no  pores  or  filaments  are  visible 
to  the  eye ;  when  viewed  with  a  lens,  they  appear 
like  an  accumulation  of  small  flakes  of  ice.  Though 
apparently  compact,  they  swim  on  waten  Other 
pumices  contain  pores  and  cavities,  and  are  composed 
of  shining  white  filaments.  By  a  long-continued 
heat,  pumice-stone  melts  into  a  vitreous  semi-trans- 
parent mass,  in  which  a  number  of  small  crystals  of 
white  felspar  are  seen.  Black  or  dark-coloured 
pumice  is  more  uncommon.  Humboldt  says,  he  has 
seen  black  pumice  in  which  augite  and  hornblende 
may  be  recognised  ;  he  is  inclined  to  think  that  such 
substances  owe  their  origin  to  basaltic  lavas,  which 
have  assumed  a  capillary  or  fibrous  form  by  intense 
heat 

Immense  quantities  of  pumice  are  sometimes 
thrown  up  by  submarine  volcanoes.  It  has  been  seen 
floating  upon  the  sea  over  a  space  of  three  hundred 
miles,  at  a  great  distance  from  any  known  volcano : 
from  hence  it  may  be  inferred,  that  submarine  vol- 
canoes  sometimes   break   out  at  such  vast  d^ths 
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under  the  ocean,  that  none  of  their  products  reach 
the  surface,  except  such  as  are  lighter  than  water. 

Obsidian,  or  volcanic  glass,  so  nearly  resembles 
lumps  of  black  glass,  that  they  can  scarcely  be  dis^ 
tinguished  by  the  unpractised  observer,  its  broken 
surface  is  smooth,  conchoidal,  and  shining :  the  most 
common  colour  of  obsidian  is  a  velvet  black.  The 
thinner  pieces  are  translucent.  It  is  harder  than 
glass,  and  strikes  fire  with  steel.  It  is  common  in 
the  neighbourhood  of*  volcanoes,  and  in  some  basaltic 
formations.  The  obsidian  accompanying  basalt  con* 
tains  a  large  portion  of  augite,  and  melts  into  a  black 
glass,  as  before  mentioned;  in  other  respects,  its 
mineral  characters  are  the  same  as  those  of  obsidian 
from  trachyte.  In  Lipari,  one  of  the  volcanic  isles^ 
the  mountain  de  la  Castagna,  according  to  Spalian* 
eani,  is  wholly  composed  of  volcanic  glass,  which 
appears  to  have  flowed  in  successive  currents,  like 
streams  of  water,  falling  with  a  rapid  descent,  and 
suddenly  frozen.  This  glass  is  sometimes  compact, 
and  sometimes  porous  and  spongy.  Numerous  veins 
of  obsidian  are  said  to  intersect  the  cone  of  Mount 
Vesuvius,  and  serve  as  a  cement,  to  keep  together 
the  loose  materials  of  which  it  is  composed. 

On  the  elevated  plain  which  surrounds  the  conical 
peak  of  TenerifFe,  tliere  are  masses  of  obsidian,  which 
graduates  into  pitchstone,  containing  crystals  of  white 
felspar.  On  the  south-west  side  of  the  peak,  there  is 
a  stream  of  vitreous  lava  or  obsidian,  several  miles  in 
length.  Colonel  Imrie  describes  a  current  of  lava  in 
the  island  of  Felicuda,  intermixed  with  obsidian, 
which  had  been  flowing  with  it,  and  now  forms 
part  of  the  congealed  stream.  "  In  some  parts  the 
obsidian  is  seen  losing  its  brilliancy,  and  passing  into 
granular  lava,  which  becomes  similar  in  colour,  frac- 
ture, and  texture^  to  the  other  parts  of  the  stream. 
Where  the  obsidian  appears  in  a  state  of  perfect 
glass,  it  is  very  near  to  where  it  has  been  first  ejected 
from  tlie  side  of  the  crater,  and  in  a  situation  where 
it  soust  have  undergone  a  rapid  cooling.     In  some 
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parts  of  these  congealed  streams^  I  could  trace  a 
transition  of  the  obsidian  into  pumice.  .  In  these 
places,  the  obsidian  contained  scattered  air  globules, 
which  were  almost  always  lengthened  in  the  directipa 
of  the  stream.  These  globules  gradually  augmented 
in  number,  until  the  whole  substance  became  a  light, 
fragile,,  and  frothy  pumice."*  Obsidian  is  found  in 
the  crater  of  Vulcano,  one  of  the  j^olian  islands^ 
and  may  be  seen  forming  there  at  the  present  time. 

Rocks  of  trachyte  sometimes,  though  rarely,  h^ve 
a  columnar  structure.  Owing  to  the  facility  with 
which  trachyte  breaks  down,  it  forms  beds  of  coo- 
glomerate  intermixed  with  scoriae  and  pumice..  The 
more  finely  comminuted  parts  of  trachyte,  intermixed 
with  earthy  matter,  form  beds  of  tufa.  These  beds 
of  conglomerate  and  tufa,  frequently  environ  trachytip 
mountains,  and  hide  from  the  view  of  the  geologist 
their  connection  with  the  subjacent  rocks. 

When  trachyte  becomes  compact  and  hard,  ah^ 
acquires  a  laminar  or  slaty  structure,  it  passes  intp 
clinkstone  or  phonolite,  so  called  on  account  of  its 
yielding  a  metallic  sound  when  struck.  (See  Chap. 
IX.,  where  it  is  observed,  that  dark  lava  or  basalt 
also  passes  into  clinkstone.)  Thus  it  appears  that 
both  the  light  coloured  lava,  or  trachyte,  and  the 
dark-coloured  lava,  or  basalt,  according  to  the  di& 
ferent  degrees  of  heat  to  which  they  have  been 
subjected,  or  the  different  circumstances  under  which 
they  have  cooled,  form  volcanic  glass,  clinkstone,  or 
pumice ;  and  the  only  difference  to  be  observed  in 
the  minerals  formed  from  the  trachyte  or  the  basalt^ 
is  a  difference  of  colour  in  the  minerals  themselves^ 
or  in  the  glass  which  they  yield  when  melted.  Black 
pumice  from  basalt  is  however  very  rare.  *     Basaltic 

♦  Memoirs  of  the  Wernerian  Society,  vol.  ii.  p.  47. 

f  According  to  the  microscopic  and  mechanical  analysis  of  lighl- 

coloured  and  dark  lavas,    by  M.  Cordier  (whether  compact    or 

scoriaceous),  it  appears  that  the  stony  lavas  which  mdt  intp  « 

'irhite  glass,  contain  ninety  per  cent,  of  felspar.  Those  lavaa  whi^ 

^dt  into  a  bottle-green  glass  or  ename!,  contain  only  from  fiftv- 

five  to  seventy  per  cent,  of  felspar ;  such  are  the  greeniib»  gmj^A^ 


VOLCANIC    ROCKS.  41^    I 

djlces,  and  the  overl)inf;  rocks  of  porphyry,  trap, 
and  basalt,  described  in  Chap.  IX.  ought,  I  am  per- 
siiaded,  to  be  classed  witli  ancient  volcanic  rocks,  but 
their  igneous  origin  is  not  yet  universally  admitted, 
and  it  is  desirable  to  separate  tlieorctical  views  frotA 
a  description  of  facts.  This,  however,  cannot  alwayi 
be  done :  circumstances  which  indicate  the  mode  of 
rock  formations,  will  deservedly  force  themselves  on 
our  attention ;  and  in  stating  them  fairly,  and  the 
inferences  which  may  be  drawn  from  them,  we  relieve 
geology  from  much  of  its  dryness,  and  slimiikte  suc- 
ceeding observers  to  a  strict  investigation  of  nature. 

Dart-coloured  recent  lava  does  not  differ  essentially 
from  basalt;  it  is  generally  more  porous.  Probably 
the  compact  state  of  basalt  was  the  result  of  refrigera- 
tion under  pressure;  it  may,  however,  be  frequently 
observed  in  Auvergne,  passing  into  the  state  m 
scoriaceous  lava.  Some  of  the  a"ecent  lavas  from 
Vesuvius  are  compact,  and  have  a  glistening  lustre, 
but  they  are  more  commonly  porous.  In  some  vol- 
canic eruptions,  lava  appears  to  have  acquired  the  ' 
jnost  perfect  fluidity.  According  to  Professor  Bottis, 
V  ho  was  an  eye-witness  of  the  eruption  of  Vesuvius 


-or  dark-colotired  basalt.  On  a  mtcrwcoptc  tixamination  of  durk 
)bt«  or  basalt,  it  appears  to  consJBt  of  minute  crystalline  grains. 
The  wliitiah  graiits  belong  cliiefly  to  felspar,  but  in  the  lava  from 
Vesuvius,  to  leutite  ;  a  small  proportion  of  tliese  grains  are  chryso- 
lite. The  yellowish  or  greenish  grains  belong  to  augite  and  horn- 
blende :  thof«  of  augite  are  rounded  and  irregular,  with  a  vitrcoui 
fVnclure  and  splendent  JuBtrc.  Tlie  grains  ofhoniblende  are  long, 
and  assume  a  prismatic  form  ;  they  present  indications  of  a  laminar 
structure,  and  have  little  lustre.  The  perfectly  black  grain*  are 
Iron  sand,  containing  iron,  combined  with  titanium ;  the  grams  of 
Iron  ore  (for  oligiale)  may  be  known  by  yielding  a  red  powder 
when  pulverised.  Volcanic  glass,  volcanic  scoriw,  and  volcanic 
tufa,  are  all  composed  of  the  same  minerals  aa  the  most  compact 
lava  :  aitd  all  the  moet  homogeneous  dark  volcanic  rocka  are  com- 
posed of  minuU!  micruscopic  grains,  which  are  chiefly  felspar  and 
augite,  with  a  small  proportion  of  olivine  and  iron  sand.  M.  Cor- 
dier  informed  the  author  that  the  microscopic  examination  of  lava 
was  much  facilitated    by  steeping  the  piece  to  be  exauined 


'.«<ttlHte  muriatic  acid. 
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in  1776,  the  lava  spouted  from  three  small  apertures, 
precisely  like  water,  forming  beautiful  fountains  of 
fire,  which  described  curves  of  different  dimensions  as 
they  fell.  In  the  same  year,  a  current  of  lava  from 
the  summit  of  Vesuvius  flowed  with  the  velocity  of 
a  mile  and  a  half  in  fourteen  minutes  :  it  struck  upon 
the  lava  of  177 1,  and  rebounded  into  the  air,  con* 
geahng  in  figures  of  various  shapes.  The  length  of 
time  which  currents  of  lava  retain  their  heat  is  truly 
remarkable :  the  current  which  flowed  from  ^tna  in 
1669  is  two  miles  in  breadth,  fifteen  miles  in  length, 
and  two  hundred  feet  in  depth ;  it  retains  a  portion 
of  its  heat  to  the  present  day.  Ferrara  says,  when 
this  lava  was  perforated  at  Catania  in  1809,  flames 
broke  out ;  and  it  continued  to  smoke  at  the  surface 
after  rain,  at  the  beginning  of  the  present  century, 
or  180  years  afler  its  eruption. 

Stones  of  enormous  size  are  frequently  projected 
from  the  craters  of  volcanoes;  but  the  quantity  of 
matter  which  they  throw  out  in  the  state  of  scorloe^ 
sand,  and  powder,  often  exceeds  that  erupted  in  the 
state  of  lava,  and  is  spread  over  distant  countries. 
By  the  percolation  of  water  it  becomes  agglutinated^ 
and  forms  beds  of  volcanic  breccia,  and  tufa.  Some* 
times  the  tufa  is  sufficiently  solid  to  be  used  for 
building-stone ;  the  Roman  pepperino  is  a  volcanic 
tufa.  Pozzolana  consists  of  minute  particles  of  scoriae, 
whicli  have  been  partially  decomposed  :  when  mixed 
with  lime,  it  makes  a  water-setting  cement. 

Some  volcanic  rocks  decompose  rapidly,  and  form 
productive  soils;  others  resist  the  process  of  decom- 
position so  effectually,  that,  afler  the  lapse  of  some 
thousand  years,  they  present  all  the  freshness  of  the 
most  recent  lavas. 

Age  of  Volcanic  Rocks.  —  Nothing  precise  can  b^ 
determined  with  respect  to  the  relative  age  of  volcanic 
rocks,  except  in  those  districts  where  they  occur 
together,  one  covering  the  other.  Humboldt,  who 
has  attempted  to  trace  the  diflferent  ages  of  volcanic 
formations,  observes,  that  there  are  trachytes^elink* 
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stones,  and  basalts,  of  difFjrerrt  ages  ;  but  in  propor*^ 
tion  as  we  advance  towards  the  more  recent  volcanic 
formations,  they  appear  isolated,  superadded,  and 
strangers  to  the  soil  in  which  they  are  found.  The 
lavas  from  existing  volcanoes  vary  at  different  periods 
of  their  eruptions  ;  we  may,  tlierefore,  well  conceive, 
that  the  volcanic  masses  which,  during  thousands  of 
years  have  been  progressively  raised  to  the  surfaoe 
under  very  different  circumstances  of  pressure  and 
refrigeration,  should  present  striking  contrasts  and 
analogies  of  structure  and  composition. 

Observations. 

from  the  Tarious  phenomena  which  volcanoes  present,  we  may 
with  probability  infer,  that  the  internal  part  of  our  planet  is  either 
wholly  or  partially  in  an  igneous  state,  however  dimcult  it  may  be 
to  explain  in  what  manner  this  heat  is  generated  and  confined.  In 
dvery  department  of  nature,  our  enquiries  are  terminated  by  ulti- 
mate facts,  beyond  which  further  research  becomes  vain.  The 
constant  generation  and  emission  of  light  from  the  surface  of  the 
tun  is  more  inexplicable  and  surprising,  than  the  constant  gener« 
ation  of  heat  in  the  centre  of  our  planet ;  but  we  cannot  refuse 
our  assent  to  the  fact,  though  it  is  far  beyond  the  power  of  the 
human  mind  to  conceive,  by  what  means  the  particles  of  light  are 
propelled  through  space  with  such  astonishing  velocity.  We  are  too 
apt  to  measure  natural  operations  by  their  coincidence  with  the  re- 
ceived systems  of  philosophy,  and  to  make  our  own  ignorance  the 
standard  of  truth.  Had  all  the  volcanoes  in  the  world  been  dor- 
mant for  the  last  two  thousand  years,  and  were  we  only  acquainted 
with  their  existence  by  the  writings  of  ancient  historians,  we 
ghould  discredit  the  fact,  and  prove  its  impossibility  by  an  appeal 
to  established  chemical  principles ;  we  should  further  accompany 
the  proof  with  a  pathetic  lamentation  over  the  credulity  of  former 
times.  The  descent  of  stones  from  the  atmosphere  was  denied 
during  a  longer  period,  though  the  fact  is  now  established  beyond 
all  doubt.  iJlf^ 

Admitting  the  existence  of  central  fire  in  the  earth,  it  &  not 
difficult  to  conceive  that  there  may  be  determinate  causes,  by 
which  its  intensity  is  increased  or  diminished  at  certain  periods. 
We  know  little  respecting  the  operation  of  electric  or  voltaic 
energy  in  the  laboratory  of  nature,  but,  from  the  existence  of 
electric  light  at  the  poles,  we  may  infer  that  electric  currents  are 
passing  through  the  earth,  and  are  important  agents  in  many  sub- 
terranean phenomena.  Perhaps  the  different  beds  of  rock  which  en- 
viron the  globe  may  act  like  a  series  of  plates  in  the  voltaic  pile,  and 
prodnce  ejects  commensurate  with  their  vast  magnitude.    Voltaic 
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energy  is  capable  of  supporting  the  most  intense  degree  of  heat 
without  access  to  atmospheric  air,  or  even  in  vacuo ;  and  this  for 
an  indefinite  time. 

Whatever  origin  we  ascribe  to  subterranean  fire,  it  must  be  re- 
collected, that  its  action,  when  con6ned  beneath  the  earth,  is 
altogether  different  from  that  of  6re  on  the  sur&ce,  which  changes 
and  decomposes  almost  all  substances  exposed  to  its  action.  It  is 
well  known  that  the  most  inflammable  substances,  carbon  and  sul- 
phur, undergo  no  change  in  their  weight  or  properties  when  sub- 
jected to  intense  heat  in  vacuo.  It  is  only  when  air  or  water 
obtain  access  to  volcanic  fire  that  it  can  produce  effects  anal<igous 
to  those  of  combustion  on  the  surface.  Indeed,  it  appears  pro- 
bable that  volcanic  explosions  and  eruptions  are  occasioned  by  the 
access  of  water  to  subterranean  fire.  A  sudden  evolution  of 
steam  and  vapour  thus  produced,  will  force  a  passage  to  the  sur- 
face, in  those  parts  where  the  incumbent  rocks  offer  the  least 
resistance,  and  the  lava  and  fragments  of  rock  will  be  ejected  with 
a  force,  proportionate  to  the  quantity  of  steam  or  air  suddenly 
evolved. 
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CHAP.  XIX. 

ON  THE  REPOSITORIES  OF  METALLIC  ORES. 

Metallic  Matter  disseminated  through  Rocks. -» Masses  of  Me- 
tallic Ore. —  Metallic  Beds.  —  Metallic  Veins.  —  Rake  Veins.  — 
Flat  Veins.  —  Accumulated  Veins.  —  Cross  Courses.  —  The  re- 
markable Structure  of  the  Botallack  Mine  worked  under  the  Sea. 
—  On  the  Formation  of  Metallic  Ores.  —  Remarkable  Pheno- 
mena in  Mines.  —  Stream  Works.  —  Gold  disseminated  in  the 
Sands  of  Rivers  in  Africa,  and  North  and  South  America. — 
Rocks  in  which  certain  Metallic  Ores  are  found. 

The  rocks  and  strata,  described  in  the  preceding 
chapters,  are  composed  of  earthy  minerals,  sometimes 
combined  with  a  portion  of  metallic  matter,  which  in 
such  instances  may  be  regarded  iis  a  constituent  part 
of  rocks.  The  mineral  substances  to  be  described  in 
the  present  chapter,  as  forming  beds  or  veins,  or 
irregular  masses,  or  grains  imbedded  in  other  rocks, 
consist  of  metalUc  matter  either  pure  or  in  combina- 
tion  with  sulphur,  oxygen,  or  acids. 

The  difference  of  external  character  between  a 
pure  metal  and  an  earth  is  so  great,  that  we  find  some 
diflSculty,  at  first,  in  conceiving  how  metallic  matter 
can  form  beds  interstratified  with  earthy  rocks ;  but 
tlie  discoveries  of  modern  chemistrj^  have  shown, 
that  metalHc  and  earthy  minerajs  are  closely  allied. 
Nothing  can  appear  more  essentially  different  than  a 
piece  of  polished  iron  and  a  piece  of  marble  or  slate; 
yet  if  iron  be  exposed  to  the  action  of  air  and  water 
it  is  converted  into  rust,  and  in  this  state  is  known 
as  ochre ;  and  between  ochre  and  powdered  stone 
there  is  little  difference  of  external  character ;  nor 
would  any  one  unacquainted  with  chemistry  suspect 
that  ochre  was  a  metallic  mineral.  The  ochre  can, 
however,  be  easily  reconverted  into  metallic  iron  : 
but  to  convert  the  earths  into  a  metallic  substance  is 
a  difficult  process,  — yet  it  has  been  effected  j  and  it 
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is  further  proved,  that  both  earths  and  alkalies  are 
metallic  substances  combined  with  oxygen.  The 
metallic  nature  of  the  earths  being  ascertained,  we 
can  no  longer  be  surprised  that  metallic  minerals 
should  be  found  intermixed  with  earthy  minerals  in 
rocks.  Iron  is  found  combined  with  earths  in  almost 
all  rocks  that  are  not  white ;  and  to  the  presence  of 
iron  they  generally  owe  their  colour,  whether  red, 
brown,  or  black. 

The  other  metals  rarely  occur  chemically  com- 
bined with  rocks  or  strata,  but  are  found  either 
disseminated  in  grains  or  irregular  pieces,  or  forming 
beds  between  earthy  strata,  or  filling  veins  that  inter- 
sect rocks  in  different  directions,  as  represented  Plate 
IV.  fig.  4.  a  and  b. 

The  metals,  except  gold  and  platina,  are  rarely 
found  pure,  but  are  generally  combined  either  with 
sulphur,  oxygen,  or  acids ;  in  this  state  they  are  called 
ores.  When  the  metals  occur  pure,  they  are  called na/ive 
metals :  thus  we  have  native  gold,  native  iron,  &c. 

Metallic  ores  and  native  metals  are  sometimes 
disseminated  in  grains  through  rocks ;  and  when  they 
are  abundant,  the  whole  mass  of  the  rock  is  worked 
as  a  mine ;  but  this  is  seldom  the  case.  Tinstone,  or 
the  oxide  of  tin,  is  sometimes  disseminated  in  grains 
in  granitic  rocks  in  Cornwall,  but  it  is  generally  in 
the  vicinity  of  a  vein  of  tin  ore,  that  disseminated 
grains  of  tinstone  are  found  in  the  rock.  At  Weal 
Duchy  mine,  near  Cailington,  silver  ore  is  obtained, 
both  from  a  vein  which  intersects  the  hill,  and  from 
the  rock  itself,  at  a  considerable  distance  from  the 
vein.  From  a  section  of  the  mine  shown  me  by  the 
proprietor,  it  appears  that  in  the  rock,  which  is  white 
killas  (a  silvery  clay  slate),  the  ore  is  disseminated  in 
various  parts,  or  is  collected  in  bunches.  The  silver 
is  found  native  in  filaments,  or  in  the  state  of  vitre- 
ous silver  ore,  black  silver,  and  ruby  silver.  Gold 
frequently  occurs  in  grains,  disseminated  through 
solid  rocks,  or  in  the  sands  of  rivers.  Considerable 
masses  of  metallic  ore  are  sometimes  found  in  rocks. 
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particularly  of  iron  ore ;  but  these  masses  are  generally 
formed  by  the  meeting  of  numerous  veins,  or  are 
parts  of  metallic  beds  that  are  greatly  enlarged  :  — 
they  will  be  described  witli  beds  and  veins, 

Metallic  Beds.  —  Some  metallic  ores  occur,  taking 
the  form  of  regular  strata  in  the  secondary  rocks,  or 
of  beds  in  transition  and  primary  rocks.  Ironstone 
in  thin  strata  alternates  with  coal,  coal-shale,  and 
sandstone,  and  has  been  described  with  the  coal 
strata,  in  Chap.  VI I L 

Iron  ore  often  forms  beds  of  considerable  thickness, 
interposed  between  rocks  of  gneiss,  mica-slate,  and 
slate.  Metallic  ores  in  beds  or  strata,  may  be  re- 
garded as  constituent  parts  of  the  rocks  in  which 
they  occur,  and  must  be  cotemporaneous  with  them ; 
the  metallic  and  the  eaithy  minerals  have  been 
deposited  at  the  same  time,  and  have  probably  been 
separated  by  chemical  affinity  during  the  process  of 
consolidation.  Sometimes  the  metallic  matter  is  in- 
termixed with  a  bed  of  slate,  or  of  other  rocks,  in 
such  abundance,  that  the  whole  bed  is  worked  as  a 
metallic  ore.  When  a  bed  of  metallic  matter  swells 
out  irregularly  to  a  considerable  thickness,  it  forms 
masses  of  ore,  which  in  some  instances  attain  the 
magnitude  of  small  mountains ;  —  such  are  the  moun- 
tains of  iron  ore  in  Sweden  and  Norway.  Metallic 
beds  are,  however,  of  limited  extent ;  they  seldom 
traverse  a  whole  mountain  or  mountain  range,  but 
they  gradually  or  suddenly  become  narrow  and  ter- 
minate, or  in  the  miners'  language  wedge  out.  There 
are  few  known  beds  of  metallic  ores  in  England; 
the  principal  repositories  of  metallic  matter  are  in 
veins.  I  have  however  ascertained,  that  the  copper 
mines  formerly  wrought  in  the  transition  rocks  of 
Cumberland,  were  beds  of  copper  pyrites,  interposed 
between  the  beds  of  the  mountains  in  which  they 
were  found,  and  not  intersecting  them  like  \ein8. 
The  beds  of  rock  being  highly  inclined;  the  thin 
metallic  beds  between  them  have  been  mistaken  for 
veins.     I  believe  that  several  metallic  repositories  in 
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other  counties,  which  have  been  described  as  veins, 
are  in  reality  beds ;  the  distinction  between  beds  and 
veins  not  being  well  understood,  they  are  both  called 
veins  by  working  miners.  The  manganese  mines  at 
Doddiscombe  Leigh,  in  Devonshire,  are  irregular 
beds  of  oxide  of  manganese  in  red  sandstone.  The 
iron  mine  at  Dannemora  in  Sweden  is  an  enormous 
bed,  which  has  swelled  out  to  the  thickness  of  one 
hundred  and  eighty  feet  of  nearly  compact  ore. 
Copper  pyrites  sometimes  occurs  in  beds;  mercury 
has  also  been  found  disseminated  in  beds  of  clay  and 
sandstone.  Black  oxide  of  cobalt  is  found  in  beds 
at  Alderly  Edge  in  Cheshire. 

Metallic  Veins.  —  Perhaps  the  reader  may  obtain 
a  clearer  notion  of  a  metallic  vein,  by  first  imagining 
a  crack  or  fissure  in  the  earth,  a  foot  or  more  in  width, 
and  extending  east  and  west  on  the  surface,  many 
hundred  yards.  Suppose  the  crack  or  fissure  to 
descend  to  an  unknown  depth,  not  in  a  perpendicular 
direction,  but  sloping  a  little  to  the  north  or  south. 
Now,  let  us  again  suppose  each  side  of  the  fissure  to 
become  coated  with  mineral  matter,  of  a  diflferent  kind 
from  the  rocks  in  which  the  fissure  is  made,  and  then 
the  whole  fissure  to  be  filled  by  successive  layers  of 
various  metallic  and  mineral  substances;  we  shall  thus 
have  a  type  of  a  metallic  vein.  Its  course  from  east  to 
west  is  called  its  direction^  and  the  dip  from  the  per- 
pendicular line  of  descent  is  called  the  hading  of  the 
vein,  in  miners*  language.  Thus  it  is  said  to  hade  or 
dip  to  the  south  or  nortli,  &c.  Now  it  is  obvious  that 
if  the  direction  of  the  vein  were  changed,  or  its 
width  increased  or  diminished,  and  the  hade  or  dip 
were  increased  or  diminished  also,  we  should  still 
have  all  the  essential  conditions  of  a  metallic  vein 
remaining.  Let  us  now  proceed  to  describe  existing 
metallic  veins.  They  appear  to  have  been  originally 
fissures  cutting  through  diflferent  beds  of  rock,  that 
have  been  subsequently  filled  with  metallic  ores,  in- 
termixed with  other  mineral  matter,  of  a  difiTerent 
nature  from  that  of  the  rock  which  is  intersected. 
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Metallic  veins  are,  therefore,  considered  to  be  of 
posterior  formation  to  the  rocks  in  which  they  are 
found :  and  where  a  vein  cuts  through  different  rocks, 
it  is  evident  that  its  formation  must  have  been  more 
recent  than  that  of  the  rocks  which  it  intersects  j  but 
where  a  vein  is  found  only  in  one  bed  of  rock,  the 
fissure  may  have  been  formed  and  filled  at  the  period 
when  the  rock  was  consolidated.  Metallic  veins  are 
principally  found  in  primary  and  transition  rocks,  or 
in  the  very  lowest  of  the  secondary  strata :  they  are 
often  separated  from  the  rocks  they  intersect,  by  a 
thin  wall  or  lining  of  mineral  substances  distinct  from 
the  rock,  and  sometimes  also  by  a  layer  of  clay  on 
each  side  of  the  vein.  The  same  substance  which 
forms  tlie  outer  coat  of  the  vein,  is  also  frequently 
intermixed  with  the  ore,  or  forms  layers  alternating 
with  it :  this  is  called  the  matrix,  gangue,  or  vein- 
stone. It  appears  as  if  the  ore  and  the  veinstone 
had  been  formed  over  each  other,  on  the  sides  of  the 
vein,  at  different  times,  till  they  met  and  filled  up  the 
fissure. 

Sometimes  the  ore  extends  in  a  compact  mass  from 
one  side  of  the  vein  to  the  other  ^  but  not  unfre- 
quently  there  are  hollow  spaces  in  veins,  called  druses^ 
which  are  lined  with  crystals ;  in  these  cavities  the 
most  beautiful  and  regular  crystalline  forms  are  ob- 
tained. Metallic  veins  often  divide  and  unite  again, 
and  sometimes  they  separate  into  a  number  of  smaller 
branches^,  called  strings.  A  general  idea  of  the  dif- 
ferent modes  in  which  metallic  veins  intersect  rocks, 
and  are  sometimes  intersected  by  each  other,  is  re- 
presented in  Plate  IV.  fig.  4. 

To  what  depth  metallic  veins  descend  is  not 
known,  nor  is  it  ascertained  whether  they  generally 
grow  wider  or  narrower  in  their  descent.  The 
opinions  of  miners  on  this  subject  are  so  various,  that 
it  may  fairly  be  inferred  that  veins  differ,  in  this  re- 
spect, in  different  situations.  No  instances,  I  believe, 
have  occurred  of  a  vein  being  absolutely  worked-out 
in  depth,  though  it  often  grows  too  poor  to  repay  the 
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labour  of  working  deeper:  more  frequently  the 
further  descent  of  the  miner  is  stopped,  by  the  diffi- 
culty or  expense  of  removing  the  water.  Veins  are 
seldom  rich  in  ore  near  the  surface,  but  increase  in 
richness  as  they  descend,  and  at  greater  depths  be- 
come poorer  again.  When  Pryce  wrote  the  "  Miner- 
alogy of  Cornwall,"  it  was  believed  that  the  richest 
state  of  a  mine  for  copper  in  that  county,  was  from 
eighty  to  one  hundred  yards  deep ;  and  for  tin,  from 
forty  to  one  hundred  and  twenty  yards.  This  account 
by  no  means  agrees  with  the  present  state  of  the 
Cornish  mines.  Copper  and  tin  are  procured  in  con^ 
siderable  quantities  at  the  depth  of  four  hundred  and 
fifly-six  yards;  in  the  Dolcoath  mine.  The  Ecton 
copper  mine,  in  Staffordshire,  is  now  worked  at  the 
depth  of  four  hundred  and  seventy- two  yards :  it  is 
the  deepest  mine  in  England.  The  deepest  mine 
that  has  been  worked  in  Europe,  or  in  any  part  of 
the  world,  is  one  at  Truttenberg,  in  Bohemia,  which 
is  one  thousand  yards  below  the  surface. 

Metallic  veins  frequently  contain  different  ores  at 
various  depths.  Iron  ore,  copper  ore,  cobalt  ore,  and 
silver  ore,  succeed  each  other  in  some  of  the  mines 
in  Saxony. 

In  France  there  are  mines  which  contain  copper 
ore  in  the  lowest  part,  silver  ore  above,  and  over  that 
iron  ore. 

In  Cornwall,  blende,  a  sulphuret  of  zinc,  frequently 
abounds  in  the  upper  part  of  veins  that  become  rich 
in  copper  as  they  descend ;  the  blende  rarely  con- 
tinuing to  any  considerable  depth.  In  the  same  dis- 
trict tin  is  also  commonly  found  at  a  small  depth,  in 
veins  which  afterwards  prove  rich  in  copper.  "Among 
other  instances  that  might  be  quoted,  are  the  two 
deep  extensive  copper  mines  called  Huel  Unity,  and 
Cook^s  Kitchen,  both  of  which  were  worked  for  tin 
at  first.  In  both  the  tin  was  soon  extracted ;  but  it 
should  be  noted  as  an  uncommon  circumstance,  that 
in  the  latter  mine,  afler  working  to  the  depth  of  one 
hundred  and  eighty  fathoms,  first  through  tin,  and 
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afterwards  through  copper,  tin  was  found  again^  and 
has  continued  down  to  its  present  depth  of  two 
hundred  and  ten  fathoms  from  the  surface.  It  ought 
however,  to  be  added,  that  some  portion  of  tin  was 
found  in  different  parts  of  the  vein,  which  may  there* 
fore  be  said  to  have  prevailed  more  or  less  from  the 
surface  to  the  present  worJiings."* 

The  thickness  of  veins,  and  the  quantity  and 
quality  of  the  ore  they  contain,  vary  in  every  mine. 
Some  veins  are  only  a  few  inches  wide ;  others  are 
several  feet,  and  sometimes  several  yards,  in  width. 
Veins  are  often  narrow  in  one  part,  and  swell  out  in 
another.  The  vein  at  the  Dolcoath  mine  in  Comwally 
varies  from  two  or  three  feet  to  forty  feet ;  and  in 
some  places  it  contracts  to  little  more  than  six  inches. 
The  veinstone  is  quartz,  in  which  are  imbedded 
masses  called  bunches  of  copper  pyrites,  consisting 
of  copper  combined  with  sulphur  and  iron. 

Beside  rake  veins,  there  are  other  mineral  reposi- 
tories, called  flat  veins,  or  flat  works,  and  pipe  veins. 
In  some  instances  a  rake  vein  declines  from  its  re» 
gular  inclination,  and  has  taken  the  direction  of  the 
beds  of  rock  running  between  them  for  a  greater  or 
less  extent,  and  then  resumes  its  former  inclination. 
In  other  instances  the  cavities  between  beds  or  strata 
are  filled  with  metallic  ores,  lying  between  an  upper 
and  lower  stratum,  like  a  seam  of  coal,  and  are  sub- 
ject to  similar  dislocations :  but  these  are  not  regular 
strata ;  they  may  frequently  be  traced  to  a  perpen- 
dicular or  rake  vein,  from  which  they  appear  to  be 
lateral  expansions ;  see  Plate  VII.  fig.  2.,  in  which 
the  regular  vein  is  seen  descending,  and  the  flat  vein 
branching  off  on  each  side  near  the  bottom. 

There  is  generally  what  is  called  a  rider,  or  mass 
of  mmeral  matter,  between  the  ore  of  very  strong 
rake  veins,  and  that  in  the  flat  veins,  at  the  place 
of  junction.  The  flat  veins  that  run  parallel  be- 
tween the  strata,  frequently  open  into  large  cavities 
filled  with  ore  and  veinstone;  these  cavities  close 

*  Transactions  of  the  Geological  Society,  vol.  ii* 
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again  by  the  contracting,  or  what  the  miners  call 
twitching  of  the  sides,  by  which  the  ore  is  nearly  or 
totally  excluded.  Such  expansions  and  twitchii^ 
are  also  common  to  rake  veins,  as  represented  at  c  c, 
Plate  IV.  fig.  4. 

The  blue  John,  or  fluor  spar  mine,  near  Castleton, 
is  of  this  kind.  The  vein  which  contains  this  spar 
is  separated  from  the  limestone  rock  by  a  lining  of 
cawk  or  sulphate  of  barytes,  and  by  a  thin  layer  of 
unctuous  clay ;  it  swells  out  into  large  cavities^  which 
contract  again,  and  entirely  exclude  the  ore,  leaving 
nothing  but  the  lining  of  the  vein  to  conduct  the 
miner  to  another  repository  of  the  spar.  The  crys- 
tallisations and  mineral  incrustations  on  the  roof  and 
sides  of  the  natural  caverns  which  are  passed  through 
in  this  mine,  far  exceed  in  beauty  those  of  any  other 
cavern  in  England ;  and  were  the  descriptions  of 
the  Grotto  of  Antiparos  translated  into  the  simple 
language  of  truth,  I  am  inclined  to  believe,  it  would 
be  found  inferior  in  magnificence  and  splendour  of 
mineral  decoration,  to  the  natural  caverns  in  the  fluor 
mine.  This  mine  is  rarely  visited  by  travellers :  the 
descent  is  safe,  but,  the  roof  being  low  in  some  parts» 
it  is  rather  difficult  of  access. 

The  pipe  vein  may  be  described  as  a  tubular  mass 
of  ore  and  veinstone,  generally  descending  in  the 
direction  of  the  beds,  and  widening  and  contracting 
in  its  course.  In  reality,  the  pipe  vein  is  a  variety  of 
the  flat  vein,  having  the  sides  closed  or  twitched  in, 
so  as  to  form  a  tube  or  cavity  of  irregular  shape,  and 
of  very  limited  extent  along  the  line  of  bearing,  but 
descending  to  a  great  depth. 

One  metallic  vein  often  crosses  or  cuts  through 
another,  and  displaces  it:  in  such  instances  it  is 
evident  that  the  vein  which  is  cut  through,  must  be 
more  ancient  than  that  which  intersects  it.  This 
observation  respecting  the  relative  ages  of  veins  was 
first  made  by  Mr.  Pryce  in  his  Mincralogia  Comubi^ 
ensis.  The  different  position  of  veins  is  represented 
in  Plate  IV.  fig.  4.,  where  a  at  is  a  vein  which  divides 
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in  part  of  its  course  and  unites  again,  and  finally 
branches  off  into  small  strings.  In  many  instances 
these  strings  lead  to  a  further  continuation  of  the 
vein ;  perhaps  this  would  be  found  to  be  the  case  in 
all,  were  the  workings  carried  on  in  the  same  direc* 
tion.  b  b  is  another  vein  which  cuts  through  the 
former,  and  has  tlirown  the  lower  part  of  the  vein  a 
out  of  its  course.  It  is  obvious  that  the  vein  a  a  was 
formed  before  the  vein  b  b,  which  has  upheaved  the 
rock  on  one  side,  with  the  lower  part  of  the  vein  a« 
In  Plate  VII.  fig.  4.,  a  small  vein  is  represented, 
cut  into  three  parts  by  the  larger  veins,  a  and  b* 
Sometimes  one  vein  crosses  another  without  change 
ing  the  direction ;  and  if  they  both  have  nearly  the 
same  inclination,  viz.,  dip  nearly  to  the  same  point  of 
the  compass,  they  are  generally  richer  near  their 
junction,  as  at  A,  Plate  VII.  fig.  4.  When  a  number 
of  veins  cross  each  other  at  one  place,  they  some- 
times form  a  cone  or  mass  of  ore  of  vast  size,  widen- 
ing as  it  descends.  Such  are  called  accumulated 
veins.  They  occur  in  the  metalliferous  limestone  of 
Durham  and  Northumberland.  When  one  vein  crosses 
another  in  an  opposite  direction,  they  often  are  found 
poorer  in  ore  near  the  junction.  Fig.  3.  shows  a 
ground  plan  of  the  veins  b  b  c  c,  cut  through  nearly 
at  right  angles  by  another  vein  or  cross  course :  in 
such  instances  the  veins  b  b  c  c  become  poorer  ;  but 
this  is  not  universally  the  case. 

The  direction  of  rake  veins  is  not  very  r^ular. 
In  England  the  principal  veins  generally  run  nearly 
east  and  west,  and  north-east  and  south-west;  but 
have  frequently  undulations  and  deviations  from  a 
straight  line :  the  most  powerful  veins  are  more  re- 
gular in  their  course  than  smaller  ones.  Where  two 
veins  in  the  same  district  have  the  same  direction,  or 
run  parallel,  it  is  observed  that  their  contents  are 
similar ;  but  where  they  run  in  different  directions, 
the  contents  vary.  Molina,  in  his  interesting  History 
of  Chili,  mentions  a  vein  of  silver  at  Uspalata,  in  the 
Andes,  which  is  nine  feet  in  thickness  throughout  its 
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whole  extent,  and  has  been  traced  ninety  miles. 
Smaller  veins  branch  ofF  from  each  side  of  it,  and 
penetrate  the  neighbouring  mountains  to  the  distance 
of  thirty  miles.  It  is  believed  that  this  vein  stretches 
to  the  distance  of  three  hundred  mil^s.  A  vein 
called  the  Tidswell  Rake,  in  Derbyshire,  extends 
some  miles  east  and  west ;  it  is  worked  from  the  sur- 
face, and  may  be  seen  near  the  roadside,  between 
Great  Hucklow  and  Tidswell.  I  was  informed  in 
Cornwall,  that  no  vein  in  that  county  had  been  traced 
in  length  more  than  two  miles ;  nor  had  any  vein 
been  worked  out  in  depth-  The  common  width  of 
the  veins  is  from  one  to  two  feet,  but  sometimes  it 
exceeds  thirty  feet 

In  Cornwall  and  Devonshire,  and  in  the  mines  of 
Northumberland  and  Durham,  the  principal  metallic 
veins  range  nearly  east  and  west.  In  the  former 
counties  they  are  called  lodes^  in  the  latter  rights 
running  veins.  The  north  and  south  veins  which 
intersect  them  are  called  cross  courses:  these  are 
seldom  productive  of  ore.  Plate  VII.  fig.  3.,  the 
veins  b  b  c  c  are  represented  as  cut  through  by  a 
cross  course.  It  must  be  borne  in  mind  that  this  is  a 
ground  plan.  Tlie  thin  cross  courses  filled  with 
clay  are  called  jiuan.  I  was  informed  by  an  intel- 
ligent proprietor  of  mines  in  Cornwall,  that  these 
thin  cross  courses  invariably  displace  the  veins,  and 
hold  up  the  water  on  one  side  of  the  vein ;  but  it  is 
most  worthy  of  notice,  that  a  vein  which  is  rich  in 
ore  on  one  side  of  the  fluan,  will  be  poor  on  the 
other.  Query,  Is  this  comiected  *with  the  Jluan  hold' 
ing  up  the  water?  In  Cornwall  the  cross  courses 
displace  the  east  and  west  veins  ;  the  displacement  is 
only  a  few  inches  in  some  veins,  in  others  it  is  several 
fathoms.  On  Alston  Moor,  in  Cumberland,  a  large 
cross  course,  calledOldCarr's  Cross  Vein,  cuts  through 
two  veins,  called  Goodham  Gill  Vein,  and  Grass  Field 
Hill  Vein,  and  has  thrown  them  aside  about  fifteen  or 
twenty  fathoms.  When  the  cross  course  intersects 
the  east  and  west  veins  at  right  angles,  the  displace^ 
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ment  is  generally  less,  than  when  it  strikes  it  in  an 
oblique  direction.  This  effect  will  be  more  clearly 
understood  by  referring  to  Plate  VII.  fig.  3. 

In  Northumberland  and  Durham,  cross  courses 
contain  ore,  near  their  junction  with  powerful  veins. 
In  Cornwall,  ores  of  silver  and  cobalt  have  been 
found  in  some  of  the  cross  courses;  and  at  the 
Botallack  mine,  north  of  the  Land's  End,  a  powerful 
cross  course,  running  north  and  south,  is  made  rich 
by  the  junction  of  east  veins,  which  resemble  small 
rivulets,  opening  into  a  river.  Their  position  will  be 
better  understood  by  referring  to  Plate  VII.  fig.  6. 
The  direction  of  the  cross  course  or  great  vein  running 
north  and  south,  is  represented  by  the  letters  n,  s,  the 
direction  of  the  small  veins,  rich  in  ore,  which  open 
into  it,  are  represented  by  eee.  The  cross  course  is 
rich  in  ore,  to  the  distance  of  twenty  or  thirty  fathoms, 
on  each  side  of  its  junction  with  a  vein ;  but  no  veins 
are  found  branching  from  the  west  side  of  the  cross 
course.  The  cross  course  is  worked  in  those  parts, 
where  it  is  rendered  rich  by  the  junction  with  veins; 
the  small  veins  are  also  worked  for  ore,  and  are  very 
productive.  The  rock  is  what  is  called  a  free  or 
soft  killas,  near  the  great  cross  course  or  vein ;  but 
further  from  it,  it  becomes  a  hard  blue  elvan  (^flinty 
slate).  The  width  of  the  vein  varies  from  nine  to 
twelve  feet.  It  contains  grey  copper  ore  of  a  rich 
quality.  Sometimes  the  sides  of  the  vein  are  copper 
ore,  and  the  middle  is  tin  ore,  as  represented  Plate 
VII.  fig.  7-  c  c,  which  is  a  vertical  section  of  part  of 
the  vein ;  fig.  6.  is  a  horizontal  section  of  the  cross 
course  and  veins.  The  master  of  the  mine  furnished 
me  with  the  above  particulars ;  and  under  his  direc- 
tion, I  made,  on  the  spot,  the  two  rough  sections, 
which  will  serve  to  convey  a  better  notion  of  this 
singular  metallic  repository,  than  can  be  obtained  by 
a  verbal  description. 

Nor  should  it  be  omitted,  that  the  entrance  of 
this  mine  is  at  the  foot  of  a  precipice  more  than 
200  feet  in  height,  on  the  border  of  the  Atlantic 
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Ocean,  and  the  workings  of  the  mine  extend  two 
hundred  and  thirty  yards  under  the  sea.  From  this 
submarine  recess  I  saw  rise  up,  one  of  the  best- 
fonned  and  noblest-looking  men  I  ever  beheld, — a 
perfect  model  for  the  Apollo  of  a  sculptor. 

Particular  metallic  ores  are  peculiar  to  certain 
rocks.  Thus,  tin  ore  occurs  in  granite  and  some 
kinds  of  slate,  but  has  never  been  found  in  limestone. 
Certain  ores  are  not  unfrequently  associated  together: 
thus,  lead  and  zinc  often  occur  in  the  same  vein,  but 
in  different  proportions.  The  same  metal  in  various 
combinations  is  often  found  in  one  vein  :  thus,  native 
copper,  sulphuret  of  copper,  carbonate  of  copper  or 
malachite,  sulphate  of  copper  or  blue  vitriol,  and  cop- 
per combined  with  lead  and  iron,  frequently  occur 
together  in  the  same  mine. 

Galena,  a  sulphuret  of  lead,  is  often  associated 
with  white  lead  ore,  or  carbonate  of  lead.  The  latter, 
though  a  rich  ore  containing  seventy  per  cent,  of 
lead,  has  no  metallic  appearance,  and  was  mistaken 
for  cawk,  and  thrown  away,  by  the  miners  in  Derby- 
shire, until  the  year  1803  or  1804.  The  mines  of 
that  county  have  been  worked  ever  since  the  time  of 
the  Emperor  Adrian,  and  the  quantity  of  ore  which 
has  been  wasted  during  that  period  must  have  been 
immense.* 

In  what  manner  metallic  veins  were  filled  with 
ore  has  greatly  divided  the  opinions  of  geologists. 
Dr.  Hutton  supposes  that  both  dykes  and  veins  were 
filled  with  their  contents  in  a  state  of  fusion  by  injec- 
tion from  below;  the  expansive  force  of  the  melted 
matter  having  cracked  the  surface,  and  opened  a 
passage   for   its   reception.     (See  Chap.  IX.)     That 

*  Id  1810  few  of  the  working  miners  could  distinguish  compact 
white  lead  ore,  from  cawk  or  sulphate  of  barytes  ;  their  specific 
gravity  and  appearance  are  not  very  different.  The  following  test 
is  of  easy  application,  and  will  serve  to  discover  the  presence  of 
lead  :  —  If  a  small  quantity  of  flowers  of  sulphur,  mixed  with  a  little 
potash  or  soda,  be  melted  on  the  point  of  a  knife,  in  a  candle,  and 
applied  to  the  moistened  surface  of  the  stone,  it  will  make  a  black 
spot  if  the  mineral  contain  white  lead  ore. 
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many  dykes  were  so  formed  I  think  probable,  from 
circumstances  previously  stated.  Other  dykes  appear 
to  have  been  open  fissures  filled  by  materials  washed 
from  the  surface,  and  contain  rounded  stones,  and 
sometimes  undecayed  vegetable  matter.  From  a 
dyke  of  clay  in  a  coal  mine  in  Yorkshire,  two  hun- 
dred and  fifteen  feet  deep,  I  have  drawn  out  long 
vegetable  fibres,  apparently  roots,  the  woody  part  of 
which  was  unchanged,  and  burned  like  the  roots  of 
common  weeds.  Werner  supposes  all  veins  and 
dykes  were  first  produced  by  the  shrinking  of  the 
materials,  of  which  mountains  are  composed;  and 
that  metallic  veins  have  been  filled  from  above  by  the 
ores  in  a  state  of  solution.*  This  theory  has  been 
advanced  with  much  confidence,  and  warmly  sup- 
ported by  many  geologists :  but  I  have  no  hesitation 
in  asserting,  that  it  is  demonstratively  repugnant  to 
fkcts :  indeed,  the  implicit  credit  which  has  been 
^ven  to  Wemer*s  dogmas  on  this  subject,  is  one, 
among  numerous  instances,  of  men  of  distinguished 
talents  resigning  their  judgment  to  authority,  and 
supporting  the  most  absurd  propositions,  when  con- 
formable to  their  favourite  hypothesis.  If  veins  were 
filled  by  metallic  solutions  from  above,  these  solutions 
must  have  covered  the  hifi^hest  mountains  over  the 
whole  earth  ;  and,  instead  of  finding  metallic  ores  in 
the  present  confined  repositories,  they  would  fill  all 
the  cavities  and  valleys  in  every  part  of  the  world. 
As  this  theory  supposes  likewise  that  veins  were 
formed  at  different  times,  a  number  of  these  metallic 
solutions  would  succeed  each  other,  and  we  should 
find  regular  strata  of  ore  in  all  primary  and  transition 
rocks ;  and  the  quantity  formed  by  these  deep  seas  of 
metallic  matter,  would  be  inconceivably  great. 

This  theory  is  decidedly  invalidated  by  the  follow- 
ing facts.  When  a  metallic  vein  passes  through 
different  kinds  of  rock,  it  is  generally  observed  that 

*  The  round  pebbles  which  are  sometimes  found  in  veins  have 
been  cited  to  prove  that  veins  were  filled  from  above  :  they  were 
probably  introduced  by  subterranean  currents. 
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the  quality  of  the  ore  varies  with  that  of  the  rock 
through  which  it  passes;  and  even  some  beds  of 
the  same  rock  are  more  productive  than  others,  and 
are  called  by  miners  bearing  measures.  This  is  the 
case  in  Durham,  Derbyshire,  Cornwall,  and  prob^ly 
in  every  mining  district,  in  England  and  Wales. 

Not  only  does  the  variation  in  the  nature  of  the  rock, 
occasion  a  change  in  the  quantity  or  quality  of  the  ore, 
but  the  mineral  substance  or  matrix  which  accom- 
panies ores,  generally  varies  in  different  kinds  of  rock. 
Quartz  and  barytes  are  more  frequently  the  matrix  in 
granite  and  slate  rocks,  than  calcareous  spar;  in  calca- 
reous mountains,  quartz  is  rarely  the  prevailing  matrix. 
In  the  counties  of  Durham  and  Northumberland, 
veins  pass  through  siliceous  sandstone,  argillaceous 
shale,  and  limestone.  (See  Plate  VI I.  fig.  2.)  The  ore 
is  more  abundant  in  the  limestone  than  in  the  sand- 
stone, and  in  the  shale,  provincially  called  plate^  ore 
very  rarely  if  ever  occurs.  In  one  mine  at  Welhopc 
the  matrix  of  the  vein,  as  it  passes  through  the  sand- 
stone, is  cawk  or  the  sulphate  of  barytes ;  but  when  it 
enters  the  limestone,  it  changes  to  carbonate  of  ba- 
rytes in  balls,  having  a  radiated  diverging  structure. 
What  is  still  more  deserving  of  notice,  when  the  rock 
on  one  side  of  a  vein  is  thrown  up  or  down  consider- 
ably, so  as  to  bring  a  stratum  of  limestone  opposite  a 
stratum  of  sandstone,  or  when  what  are  called  the 
walls  or  cheeks  of  the  vein  are  of  two  different  kinds 
of  stone  (see  Plate  VII.  fig.  5.),  the  vein  is  never  so 
productive  in  ore,  as  when  both  sides  of  the  vein  are 
of  the  same  kind.  In  the  above  figure,  different  strata 
are  opposite  to  each  other,  except  where  the  strata 
are  of  great  thickness  :  thus,  parts  of  the  lower  bed 
of  limestone,  a  a,  form  the  wall  on  each  side  of  the 
vein,  and  in  such  situations  it  is  rich  in  ore ;  but  the 
upper  part  of  the  bed,  at,  is  brought  opposite  to  a  bed 
of  sandstone,  A,  on  the  left ;  and  in  this  part  of  the 
vein  it  will  become  poorer,  and  the  same  will  be  the 
case  when  the  vein  passes  through  the  upper  strata ; 
in  some  it  will  contain  no  metallic  ore.     This  fact 
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alone  seems  sufficient  to  invalidate  the  theory  of 
Werner,  that  veins  were  filled  with  metallic  solutions, 
poured  in  from  the  upper  part  Had  this  been  the 
case,  the  nature  of  the  rock  could  have  made  no 
difierence  in  the  quality  or  quantity  of  the  ore. 

Werner,  in  his  "  Treatise  of  Veins,"  states  one  in- 
stance, as  if  it  were  extraordinary,  of  the  ore  chang- 
ing its  quaUty,  as  the  vein  passed  through  different 
rocks ;  and  js  inclined  to  admit  that  elective  affinity 
for  the  rock  mav  have  contributed  to  the  effect  The 
circumstance,  so  far  from  being  extraordinary,  is  of 
common  occurrence,  and  known  to  all  working 
miners.  The  entire  cessation  of  the  ore  in  one  part 
of  a  rock,  and  its  re-appearance  below,  are  still  more 
striking. 

In  Derbyshire  the  beds  of  metalliferous  limestone 
are  separated  by  beds  of  basaltic  rock,  called  toad- 
stone.  •  When  a  vein  of  lead  is  worked  through  the 
first  limestone  down  to  the  toadstone,  it  ceases  to 
contain  any  ore,  and  oflen  entirely  disappears :  on 
sinking  through  the  toadstone  to  the  second  lime- 
stone, the  ore  is  found  again,  but  is  cut  off  by  a  lower 
bed  of  toadstone,  under  which  it  appears  again  in  the 
third  limestone.  In  strong  veins,  particles  of  lead 
occur  in  the  toadstone,  but  in  very  small  quantities. 

If  mineral  veins  were  filled  from  above  by  metallic 
solutions,  it  is  impossible  to  conceive  that  the  nature 
of  the  rock  should  change  the  quality  of  the  ore ; 

*  The  fact  of  metallic  veins  being  entirely  cut  off  by  the  bed* 
of  toadstone,  has  recently  been  doubted ;  it  is  supposed  that  the 
vein  is  continued  through  the  toadstone,  though  it  contains  no  ore : 
hot  the  fact  of  veins  being  cut  off  by  the  seams  of  clay  (called 
way  boards),  if  it  could  be  established,  would  lead  to  the  same 
conclusion  as  the  separation  of  the  vein  by  toadstone.  —  My  late 
visits  to  Derbyshire  have  convinced  me  more  fully  that  Mr. 
Farey  was  too  hasty  in  forming  his  opinions,  and  that  he  did  not 
always  select  his  information  from  the  best  sources.  Neither  the 
beds  of  clay  nor  toadstone  may  contain  ore,  and  yet  the  vein  may 
pass  through  them,  but,  being  unproductive,  it  is  not  noticed.  Iii 
some  instances,  probably,  the  beds  of  toadstone  were  protruded 
between  the  beds  of  limestone,  afler  the  formation  of  metallic 
veins,  as  Mr.  Whitehurst  originally  maintained. 
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much  less  could  the  ore  disappear  in  one  stratum, 
and  appear  again  in  a  stratum  below  it.  Nor  could 
the  vein  be  filled  with  melted  matter  ejected  IhwD 
below ;  for  in  either  case  it  would  be  equally  impos- 
sible, to  explain  why  the  ore  disappears  in  the  toad- 
stone,  though  the  vein  is  continued  through  it.  See 
Plate  IV.  fig.  5,  where  6,  b^  b  are  three  beds  of  limestone 
divided  by  beds  of  toadstone  e  e^  and  covered  by 
sandstone.  When  the  vein  descends  to  jthe  first  bed 
of  toadstone  e,  the  ore  disappears;  but  on  sinking 
through  to  the  second  bed  of  limestone  it  is  found 
again  ;  it  disappears  a  second  time  at  the  next  bed  of 
toadstone,  and  reappears  in  the  lower  limestone,  & 
Another  vein,  a  a^  is  supposed  to  penetrate  the  beds 
of  toadstone  e  e^  but  contains  little  ore  where  it  passes 
through  them.  The  upper  part  of  the  vein  a,  is  repre- 
sented as  penetrating  the  superincumbent  sandstone 
which  is  sometimes  the  case :  in  this  upper  part  of  the 
vein  the  most  curious  productions  of  the  Odin  min^ 
near  Castleton,  are  discovered.  Such  facts  prove  that 
these  veins  were  not  filled  from  above.  Professor 
Jameson  has  conjectured  that  the  beds  of  toadstone 
and  limestone  in  Derbyshire,  with  the  metallic  veins^ 
were  all  cotemporaneous,  and  that  the  toadstone 
crossed  through  the  veins,  at  the  time  of  their  form- 
ation ;  but  the  different  organic  remains  in  the  upper 
and  lower  beds  of  limestone  preclude  the  possibility 
of  their  having  been  formed  at  the  same  time.  The 
zoophytes  in  the  lower  bed  of  rock  could  not  be  living 
and  co-existent  with  those  in  the  upper,  nor  with  the 
vegetable  remains  occasionally  found  in  the  sand- 
stone which  frequently  covers  the  whole,  and  into 
which  the  veins  sometimes  shoot  Cuvier  has  well 
observed,  that  the  existence  of  different  organic 
remains  offers  incontestable  proofs,  that  the  upper  and 
lower  strata  in  which  they  were  found,  were  formed 
in  succession.  As  a  farther  proof  of  the  influence 
which  the  position  of  the  rock  has  upon  the  vein 
which  intersects  it,  the  miners  both  in  Wales  and 
Derbyshire  maintain,  that  wherever  there  is  a  depres- 
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sion  in  the  strata,  and  they  dip  on  both  sides  towards 
the  vein  (see  Plate  VII.  fig.  9.) :  in  such  situations  the 
richest  veins  occur. 

If  metallic  matter  were  not  poured  in  from  above, 
nor  ejected  from  below,  in  what  manner  did  it  come 
into  the  vein  ?  —  The  state  of  chemical  science,  and 
the  facts  at  present  known,  are  too  limited  to  furnish 
a  solution  to  this  interesting  question.  There  are, 
however,  certain  indications  which  may  serve  as  a 
clue  to  future  discovery.  The  variation  of  the 
mineral  products  in  veins,  as  they  pass  through  different 
strata,  seems  to  prove,  that  the  strata  were  efficient 
causes  in  producing  tins  variation.  Perhaps  metallic 
matter  was  diffused  through  different  rocks  according 
to  their  elective  affinity,  and  separated  from  them  by 
voltaic  electricity,  the  different  sides  of  the  vein  pos- 
sessing different  states  of  electricity;  or  the  strata 
may  act  like  a  series  of  plates  in  the  voltaic  pile, 
separating  and  secreting  metallic  matter  from  its 
diflferent  combinations.  Some  of  the  metals  and  other 
substances  found  in  veins,  are  capable  of  solution  in 
hydrogen  gas,  and  perhaps  all  of  them  may  he  so  by 
natural  processes ;  in  this  state  they  may  have  pene- 
trated the  vein,  and  deposited  their  contents. 

The  discovery  of  the  metallic  nature  of  the  very 
earths  of  which  rocks  are  composed,  and  the  proba- 
bility that  the  metals  themselves  are  compound  sub- 
stances of  which  hydrogen  forms  a  part,  open  new 
views  respecting  the  formation  of  metallic  matter  by 
natural  processes,  which  may  be  within  the  reach  of 
human  power  to  devclope,  if  not  to  imitate. 

If  metallic  matter  be  now  forming  in  mines,  the 
process  of  its  formation  is  extremely  slow ;  but  there 
are  circumstances  which  appear  to  prove  that  it  may 
in  some  instances  be  perceived.  M.  Trebra,  director 
of  the  mines  in  Hanover,  informed  a  gentleman  of  my 
acquaintance,  that  he  had  seen  a  leather  thong  sus- 
pended from  the  roof  of  a  mine,  coated  with  silver 
are :  he  has  also  observed  native  silver,  and  vitreous 
silver  ore,  coating  the  wooden  supports  left  in  a  mine 
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called  Dreyweiber,  in  the  district  of  Marienbuigh, 
which  had  been  under  water  two  hundred  years,  and 
was  opened  in  17t7* 

M.  Trebra  was  led  from  his  own  observations  on 
mines  to  infer,  that  metallic  ores  are  formed  by  mine- 
ral exhalations,  or  were  once  in  a  gaseous  state.  Mr. 
Westgarth  Forster,  a  practical  miner  in  Northumber- 
land, states,  that  at  Wolfclough  mine,  in  the  county 
of  Durham,  which  was  closed  for  more  than  twenty 
years,  and  opened  again,  needles  of  white  lead  ore 
were  observed  projecting  from  the  walls,  more  tlian 
two  inches  in  length. 

These  and  other  phenomena  observable  in  mines, 
may  convince  us  that  there  are  processes  going  on  at 
present  in  the  great  laboratory  of  the  earth,  and  per- 
haps there  are  analogous  processes  taking  place  in  the 
atmosphere,  which  may  throw  some  light  on  these 
hidden  operations  of  nature.  The  formation  of  saline 
matter  on  the  surface  of  walls,  is  a  fact  which  merits 
more  attention  than  it  has  hitherto  received.  Dr. 
Kidd,  of  Oxford,  has  published  some  very  ingenious 
observations  and  experiments  on  the  spontaneous 
production  of  nitre  on  limestone,  which  may  lead  to 
more  important  results  than  the  learned  Professor 
appears  to  have  anticipated.  These  experiments 
show,  that  neither  the  alkali  nor  the  acid  exists  pre- 
viously in  the  stone.  Nor  do  they  exist  ready  formed 
in  the  moisture  of  the  atmosphere,  dry  frosty  weather 
being  particularly  favourable  to  the  rapid  production 
of  nitre,  and  moist  weather  the  contrary. 

When  a  portion  of  the  wall  was  protected  from 
access  to  the  atmos})liere  by  glass,  which  projected  a 
little  distance  from  the  surface,  the  formation  of  nitre 
went  on  for  a  certain  time,  and  then  ceased.  The 
saline  crystals  were  better  defined,  and  longer,  than  on 
the  other  parts  of  the  wall.  When  the  wall  was 
coated  with  paint,  crystals  of  nitre  were  even  formed 
on  the  paint.  The  formation  of  carbonate  of  lead  on 
the  walls  of  the  mine  at  Wolfclough,  may  be  analo- 
gous to  the  formation  of  nitre ;  and  in  both  instances, 
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the  surface  of  the  wall  and  of  the  atmosphere,  may 
perhaps  be  considered  as  two  galvanic  plates  in  action, 
decomposing  and  recompounding  the  elements  of 
metallic  or  saline  matter  from  the  atmosphere,  or  the 
gaseous  fluids  with  which  it  is  intermixed.  The  base 
of  nitre  (potassium)  is  known  to  be  a  metal;  and 
could  we  seize  nature  in  the  act  of  producing  a  fixed 
alkali  from  more  simple  elements,  we  might  compel 
her  to  reveal  the  process  by  which  she  prepares  her 
metallic  treasures  in  the  deep  recesses  of  the  earth. 
Nor  can  the  discovery  be  very  remote ;  for  we  are 
already  acquainted  with  the  composition  of  the  volatile 
alkali,  and  are  thereby  enabled  successfully  to  imitate 
nature  in  its  formation. 

When  the  matrix,  or  the  substance  which  princi- 
pally fills  veins,  is  a  sofl  unctuous  clay,  masses  and 
particles  of  ore  are  oflen  disseminated  through  it, 
varying  in  size  from  a  pea  to  that  of  a  laige  gourd, 
and  are  sometimes  even  of  many  tons'  weight.  Masses 
of  veinstone  are  also  imbedded  in  the  same  manner ; 
and  it  is  observed  that  the  masses  both  of  ore  and 
veinstone  are  of  no  determinate  shape,  and  have 
generally  the  appearance  of  being  corroded.  Are  we 
to  conclude,  in  such  instances,  that  the  hard  minerals, 
and  metallic  ores,  have  been  formed  in  the  substance 
of  the  day  by  some  peculiar  elective  affinity,  or  that 
they  once  occupied  the  cavity  of  the  vein,  and  have 
been  all  subsequently  decomposed,  except  the  remain- 
ing detached  masses  ?  1  should  be  more  inclined  to 
adopt  the  former  opinion ;  but  it  must  be  allowed, 
that  there  are  inexplicable  instances  of  the  disappear- 
ance of  minerals  which  formerly  existed  in  veins. 

The  formation  of  one  mineral  upon  the  crystals  of 
another,  and  the  disappearance  of  the  crystal  which 
has  served  as  the  mould,  is  indeed  a  common  pheno- 
menon in  many  English  mines.  I  have  before  me  a 
mass  of  rock  crystal  from  Durham,  formed  on  cubic 
fluor  spar ;  but  the  crystals  of  the  latter  have  entirely 
disappeared,  leaving  nothing  but  the  impression  of 
their  form.     In  the  mines  of  Derbyshire,  incrustations 
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of  calamine  are  formed  on  calcareous  cr3rstals,  diking 
the  shape  of  the  dog-tooth  spar ;  but  in  these  false 
crystals,  no  trace  of  the  interior  crystal  is  lefL  Cer- 
tain  local  causes  also  appear  to  influence  the  crystal- 
lisation of  minerals  in  different  districts,  and  to  dispose 
them  to  take  peculiar  secondary  forms,  which  may  be 
considered  as  appropriate  to  the  minerals  of  that  dis- 
trict. The  pyramidal  crystallisation  of  carbonate  of 
lime,  called  the  dog-tooth  spar  (chaux  carbonatie 
metastatiqtie  of  Haiiy),  is  abundant  in  some  of  the 
mines  of  Derbyshire  ;  whilst  the  same  mineral  rarely 
assumes  that  form  in  the  mines  of  Northumberland 
and  Durham,  but  is  crystallised  in  other  forms,  which 
are  equally  rare  in  the  Derbyshire  mines.  Fluor 
spar,  and  sulphate  of  barytes,  have  appropriate  forms 
in  different  districts,  from  which  any  deviations  may 
be  considered  as  varieties.  The  causes  which  occa- 
sion this  diversity  of  secondary  forms  in  minerals, 
whose  constituent  parts  appear  by  chemical  analysis 
to  be  precisely  the  same,  are  unknown ;  nor  are  we 
able  to  explain  in  what  manner  the  crystals  before 
mentioned  have  disappeared ;  but  these  facts  prove, 
that  the  powers  of  nature  extend  beyond  the  present 
limits  of  science  ;  and  it  is  more  consonant  with  the 
true  spirit  of  philosophy,  frankly  to  acknowledge  our 
ignorance,  than  to  form  systems  from  imperfect  data, 
which  can  only  serve  to  perj)etuate  error. 

Metallic  ores  in  rounded  fragments,  and  grains  of 
native  metals,  are  frequently  found  in  the  sands  of 
rivers ;  they  have   been  carried  there  by  torrents  or 
inundations ;  the  rocks  in  which  they  were  originally 
formed,  having  been   disintegrated  or   decomposed. 
The  metids  gold,  and  pJatina,  being  indestructible  by 
the  action  of  air,  water,  or  the  mineral  acids,  remain 
for  ages  unchanged,  in  the  form  of  minute  grains. 
The  oxide  of  tin  is  a  very  heavy  and  hard  mineral ; 
and  it  is  owing  to  its  weight  and  indestructibility, 
that  it  is  foiind  in  the  sands  of  rivers,  or  on  the  sea 
shore,    where  it  sometimes   occurs   in   considerable 
quantities,  and  is  separated  from  the  sand  or  alluvial 
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soil  by  directing  streams  of  water  over  it  2  hence  such 
works  are  in  Cornwall  called  Stream  Works.  With 
the  pebbles  of  tinstone,  there  are  fragments  of  granite 
and  other  rocks,  which  serve  to  indicate  from  what 
mountains  in  the  vicinity  the  stream  tin  has  been 
washed  out.  Particles  and  small  pieces  of  gold  are 
sometimes  found  with  stream  tin,  in  the  sands  of 
Cornwall. 

Gold  being,  as  before  stated,  less  subject  to  chemi* 
cat  change  than  the  other  metals,  is  found  in  the 
sands  of  rivers  in  various  parts  of  the  world,  particu- 
larly in  Africa  and  South  America.  A  considerable 
part  of  the  gold  obtained  from  Africa  is  procured  by 
washing  the  sand  of  rivers;  it  is  found  in  small 
grains  called  gold  dust.  It  has  been  remarked,  that 
in  certain  parts  of  rivers  the  sands  were  rich  in  gold, 
which  seemed  to  be  renewed  afler  heavy  rains,  and 
yet  but  little  gold  was  found  in  the  sands  higher  up 
the  river.  No  satisfactory  explanation  has  been 
offered,  respecting  the  limitation  of  the  auriferous 
sands  to  certain  localities.  Facts  have  recently  been 
stated  to  the  author,  by  a  gentleman  connected  with 
the  gold  mine  companies  in  North  Carolina,  which 
appear  to  elucidate  the  periodical  renewal  of  gold 
in  the  African  rivers.  About  the  year  1810,  gold 
was  found  in  the  beds  of  several  rivers  in  North 
Carolina :  one  mass  was  obtained  weighing  SSlbs. 
Afterwards  grains  of  gold  were  discovered  in  the 
beds  of  several  of  the  rivers  and  brooks  both  of 
North  and  South  Carolina,  and  of  Georgia.  For 
some  years  afler  gold  had  been  discovered  in  these 
states,  the  inhabitants  were  content  with  searching 
for  gold  in  the  beds  of  the  brooks  and  rivers  after 
heavy  rains.  One  of  the  proprietors  of  a  gold  stream, 
having  noticed  that  it  never  yielded  gold  above  a  cer- 
tain point,  where  a  small  brook  entered  into  it,  was 
induced  to  trace  the  brook  to  its  source,  and  disco- 
vered in  the  adjacent  rocks,  veins  of  quartz  which 
were  found  to  contain  pieces  of  native  gold,  and  were 
subsequently  worked  as  mines.     It  is  highly  probable 
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Jthat  in  Africa  the  sands  in  certain  parts  of  rivers  be- 
come auriferous,  by  the  depositions  from  rivulets  that 
flow  into  the  main  stream. 

Mr.  Hennah,  of  Plymouth,  has  in  his  coUectioii 
several  pieces  of  native  gold,  varying  from  the  size  <rf 
a  bean  to  that  of  a  hazel-nut ;  they  were  found  in 
stream  works  near  St.  Austel :  he  has  also  a  specimen 
of  stream  tin,  eight  or  nine  inches  in  length,  and  five 
or  six  in  breadth,  which  was  evidently  once  part  of  a 
vein.  In  the  same  stream  wo[k  they  could  distinguish 
at  different  depths,  the  different  veins  from  which  the 
ore  had  been  washed  out.  The  pebbles  of  tin  ore, 
have  in  some  situations  been  washed  into  the  sea,  and 
afterwards  covered  by  beds  of  clay  or  gravel.  In 
Mount's  Bay,  south  of  the  town  of  Penzance,  there 
was  formerly  a  bed  of  stream  tin  worked  under  the 
sea.  The  stream  tin  covers  the  killas  or  slate  rock  of 
the  country,  and  is  covered  by  a  bed  of  clay :  a  per- 
pendicular shaft  or  tunnel  was  sunk  through  the  clay, 
and  the  bed  of  stream  tin  was  worked  like  a  bed  of 
coal,  the  clay  forming  the  roof  See  Plate  VII.  fig.  8. 
The  workings  were  continued  under  the  sea,  but  were 
at  length  inundated  and  discontinued. 

The  bed  with  pebbles  of  tinstone,  is  seen  covering 
the  beds  of  slate  ;  upon  this  is  a  thick  bed  of  water- 
tight clay,  over  which  the  tides  roll.  An  iron  cylin- 
der was  sunk  through  the  clay  as  a  shaft  to  the  tin 
stone,  which  was  worked  like  a  bed  of  coal  and  drawn 
up  the  cylinder. 

The  following  is  a  summary  account  of  the  rocks 
in  which  the  different  metallic  ores  are  generally 
found  : 

Platina  and  the  recently  discovered  metals  called 
palladium,  rhodium,  osmium,  and  iridium,  have  only 
been  found  in  the  sands  of  rivers. 

Gold  and  silver  are  found  in  primary  and  transition 
rocks,  in  porphyry  and  sienite,  and  in  the  low^est  sand- 
stone. Gold  has  been  occasionally  discovered  in  coal, 
and  very  abundantly  in  the  sands  of  rivers,  and  some- 
times in  volcanic  rocks. 
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Mercury  is  found  in  slate,  in  limestone,  and  in  coal 
strata. 

Copper,  in  primary  and  transition  rocks,  in  por- 
phy>*yf  sienite,  and  occasionally  in  sandstone,  in  coal 
strata,  and  alluvial  ground.  Masses  of  native  copper 
of  many  thousand  pounds  weight,  are  said  to  be  found 
on  the  surface,  in  the  interior  of  North  America* 

Iron,  in  every  kind  of  rock. 

Tin,  in  granite,  gneiss,  mica-slate,  and  slate. 

Lead  and  zinc,  in  primary  and  transition  rocks, 
except  trap  and  serpentine ;  in  porphyry  and  sienite ; 
in  the  lowest  sandstone,  and  occasionally  in  coal 
strata. 

Antimony,  in  primary  and  transition  mountains, 
except  trap  and  serpentine ;  it  is  also  found  in  por- 
phyry and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  mountains, 
except  limestone,  trap,  and  serpentine.  Cobalt  and 
nickel  also  occur  in  transition  mountains,  and  in 
sandstone. 

Arsenic,  in  primary  and  transition  mountains,  and 

in  porphyry.  ,  ,        ,• 

Manganese,  m  primary  and  transition  mountains, 
and  occasionally  in  the  lower  stratified  rocks. 

Molybdena  and  tungsten,  uranium,  and  titanium, 
in  granite,  gneiss,  mica-slate,  and  slate.  The  latter 
metals,  with  chromium,  columbium,  cerium,  and  tellu- 
rium, are  very  rare  in  nature,  and  can  only  be  reduced 
to  the  metallic  state  with  great  difficulty. 
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CHAP.  XX. 

ON  SUBTERRANEAN   RIVERS   AND  CURRENTS,  AND 

ON  CAVERNS. 

Occurrence  of  Subterranean  Currents  and  Rivers  in  various  FMs 
of  the  World.  —  The  principal  Agents  in  tlie  Formation  of 
Caverns.  —  Remarkable  Cavern  and  Cascade  in  the  Speedwell 
Mine,  Derbyshire.  —  Subterranean  Currents  and  Caverns  gene- 
rally in  calcareous  Mountains.  —  The  Reason  explained.  — 
Subterranean  Currents  connected  with  the  Surface  Water,  de- 
posit Animal  and  Vegetable  Remains  between  ancient  Strata, 
proved  by  Facts.  —  Caverns  with  Bones  of  extinct  Spedes  of 
Animals  in  Germany  and  France,  intermixed  with  Humau 
Bones,  and  Implements  of  Industry.  —  Bones  introduced  into 
Caverns  by  Subterranean  Currents  and  other  Causes,  and  at 
different  Epochs  —  Cavern  at  Kirkdale,  in  Yorkshire.  —  Bones 
found  in  the  Clefls  and  Fissures  of  Rocks  forming  Osseous 
Breccia  in  various  Parts  of  Europe,  and  in  New  Holland.  — 
Epochs  of  their  Deposition  supposed  to  be  different  in  ditttlit 
Parts  of  the  (ilobe. 

Beside  the  fissures  and  spaces  filled  with  metallic 
matter,  that  occur  in  the  older  rocks,  as  described  in 
the  preceding  chapter,  there  are  empty  spaces  or 
caverns,  that  sometimes  extend  far  into  the  interior 
of  mountains,  and  sometimes  descend  to  considerable 
depths.  Almost  all  large  caverns  occur  in  limestone 
rocks,  chiefly  of  the  transition  and  the  secondary  class. 
Caverns,  in  some  instances,  may  have  been  formed 
by  the  upheaving  or  subsiding  of  rocks ;  but  they 
have  most  frequently  been  excavated  by  subterranean 
currents  of  water,  which  have  enlarged  original 
fissures,  or  carried  away  the  beds  of  soft  clay  or 
loose  sand  that  were  interposed  between  hard  strata. 
Many  large  caverns  have  streams  of  water  constantly 
running  through  them ;  and  after  heavy  rains  they 
are  often  gorged  with  water,  which  issues  with  vio- 
lence from  their  mouths.  This  is  the  case  with  the 
•  great  Peak  Cavern,  near  Castleton,  in  Derbysliire. 
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The  action  of  subterranean  currents  of  water,  has 
scarcely  been  attended  to  by  geologists ;  but  were  it 
better  understood,  it  might  probably  afford  a  satisfac- 
tory explanation  of  several  facts  in  geology  that  have 
been  regarded  as  anomalous,  particularly  that  of  the 
occurrence  of  bones  in  caverns  which  have  no  open- 
ing to  the  surface.  In  the  third  edition  of  this  work 
I  stated  some  instances  of  these  currents  in  mountain 
limestone. 

The  mountain  or  transition  limestone  of  Craven,  in 
Yorkshire,  forms,  in  many  parts,  a  nearly  flat  elevated 
surface  of  table  land,  covered  with  vegetation,  but 
intersected  by  numerous  fissures  or  chasms  of  vast 
length  and  deptli,  varying  from  a  few  inches  to  a  foot 
or  more  in  width.  Many  of  these  fissures  widen  as 
they  descend ;  and  at  the  bottom,  streams  of  water 
may  be  frequently  heard  running.  During  snow,  it 
is  not  uncommon  for  sheep  to  be  lost  in  these  chasms, 
and  the  whole  surface  is  extremely  dangerous  to 
traverse  in  the  dark.  Limestone  plains,  intersected 
by  such  fissures,  may  be  regarded  as  natural  traps 
for  herbivorous  animals,  into  which  they  may  fall  in 
whole  droves,  wlien  chased  by  beasts  of  prey.  Their 
bones  may  either  stick  fast  in  the  fissures,  and  be  after- 
wards inclosed  in  calcareous  stalactites,  or  they  may 
be  carried  by  subterranean  currents  into  caverns 
which  have  no  communication  with  tlie  surface. 
Such  was  the  cavern  at  the  BulFs  Eye  mine,  near 
Worksworth,  in  Derbyshire,  which  was  opened  by 
mining  operations  in  the  year  166'J,  and  contained 
the  entire  skeleton  of  an  elephant. 

There  is  a  considerable  river,  called  the  Pinka,  in 
the  cavern  at  Adlesbcrg,  in  Carniola,  which  forms  a 
subterranean  lake,  where  it  appears  to  be  lost ;  but  it 
emerges  again  on  the  north  side,  and  takes  the  name 
of  the  Renz.  This  cavern  is  one  of  the  largest  in 
Europe ;  it  extends  lor  several  leagues  into  a  calcare- 
ous mountain,  situated  between  Laybach  and  Trieste, 
and  contains  the  bones  of  bears  and  other  animals,  in 
the  mud  that  forms  the  floor  of  the  cavern,  or  rather 
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series  of  caverns,  that  are  connected  by  passages  with 
each  other. 

There  are  numerous  caverns  and  grottoes  in  the 
vicinity  of  Adiesberg,  and  the  surface  of  the  country 
is  in  various  parts  broken  by  depressions  from  the 
subsidence  of  the  roofs  of  these  caverns.  Doubtless 
there  are  subterranean  rivulets  in  all  these  caverns, 
which  are  continually  in  action,  and  are  undermining 
and  wearing  down  the  rocks  that  support  the  strata 
above  them.  In  Derbyshire,  and  the  district  called 
Craven,  in  Yorkshire,  beside  the  subterranean  rivulets 
before  mentioned,  there  are  currents  of  water  inces- 
santly in  action,  which  are  only  discovered  by  mining 
operations. 

The  Speedwell  mine,  near  Castleton,  in  Derbyshire, 
is  a  subterranean  tunnel  and  canal,  nearly  half  a  mile 
in  length,  penetrating  into  the  centre  of  a  mountain 
composed  of  metalliferous  limestone  :  the  descent  to 
the  canal  is  by  a  flight  of  steps,  about  forty  yards  in 
depth.  The  mountain  is  intersected  by  numerous 
metallic  veins,  and  the  proprietors  of  the  mine  in- 
tended to  carry  the  tunnel  and  canal  through  the  whole 
extent,  in  order  to  discover  the  veins,  and  have  ready 
access  to  work  them,  and  bring  out  the  ore.  The 
stone  was  obliged  to  be  excavated  by  blasting,  and 
before  every  explosion  the  miners  retired  for  safety 
to  a  considerable  distance  in  the  tunnel.  When  they 
had  proceeded  in  this  manner  about  eight  hundred 
yards,  they  were  greatly  alarmed  after  a  blast,  to  hear 
the  tremendous  roaring  of  a  torrent,  and  fled  towards 
the  entrance  of  the  tunnel.  A  miner,  who  was 
working  there  at  the  time,  informed  the  author,  that 
he  thought  there  was  no  chance  of  their  escaping 
immediate  destruction ;  however,  when  they  had 
retreated  a  considerable  distance,  they  perceived  the 
rushing  sound  to  grow  less  alarming ;  they  then 
halted  awhile,  and  took  courage  to  return,  when  they 
discovered  that  the  last  blast  had  made  an  opening 
into  a  spacious  cavern,  and  that  a  torrent  of  water 
Was  falling  from  a  considerable  height  into  a  vast 
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chasm  on  one  side  of  it.  The  loud  roaring  of  the 
water  was  greatly  increased  by  the  echoes  of  the 
cavern  ;  for  in  the  roof  of  this  cavern  there  is  a  wide 
opening  into  an  upper  cavern,  the  top  of  which  is  not 
visible  from  below,  even  with  the  illumination  of  fire- 
works, which  those  who  show  the  mine  generally 
take  with  them. 

By  the  ceaseless  action  of  such  internal  currents  of 
water,  falling  into  original  fissures,  or  descending 
through  soft  strata  in  mountains  of  compact  lime- 
stone,  it  is  easy  to  conceive  that  caverns  of  great 
extent  may  be  excavated.  A  very  few  years  since,  a 
miner,  in  driving  an  adit  or  passage  into  the  heart  of 
the  well-known  rock  called  Matlock  High  Tor,  dis- 
covered a  large  cavern  and  a  lake  in  the  middle  of 
the  mountain.  Many  of  the  coves  or  caves  in  Cra- 
ven, in  Yorkshire,  were  originally  caverns,  the  roofs 
of  which  have  fallen  in  j  they  have  streams  of  water 
rushing  into  them,  forming  subterranean  cascades. 
The  cavern  called  Weather  Coat  Cove,  and  the  rocks 
at  Gordale  Scar,  offer  illustrations  of  the  effects  of 
subterranean  currents.  Where  springs  of  water  of 
considerable  magnitude  rise  at  once  to  the  surface,  it 
is  obvious  that  they  are  not  the  result  of  slow  perco- 
lation through  porous  strata,  but  that  they  are  the 
outlets  of  internal  streams  or  rivers.  The  river  Air 
rises  at  the  foot  of  a  perpendicular  limestone  rock, 
called  Malham  Cove,  in  Craven  ;  it  is  a  broad, 
powerful,  and  permanent  stream,  before  it  receives 
any  tributary  rivulets  from  the  adjacent  valleys.  It 
is  generally  believed  that  the  subterranean  stream 
which  gives  rise  to  tlie  river  Air,  is  connected  by 
internal  passages  wi'h  Malham  Tarn,  a  mountain 
lake,  situated  at  a  considerable  distance.  Perhaps 
the  spring  at  Holywell,  in  Flintshire,  may  be  cited 
as  offering  a  similar  proof  of  underground  rivulets. 

The  reason  why  subterranean  streams  of  water, 
and  extensive  caverns,  should  chiefly  occur  in  dis- 
tricts where  compact  transition  or  mountain  lime- 
stone is  the  prevailing  rock,  will  admit  of  an  easy 
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explanation.  Slate  rocks  are  almost  always  inter- 
sected  by  perpendicular  fissures,  which  carry  off  the 
water,  and  prevent  its  accumulating  in  large  streams; 
and  the  secondary  strata  in  England  are  generally  too 
soft,  or  too  much  broken,  to  form  the  roofs  of  exten- 
sive  caverns,  or  the  beds  of  subterranean  rivers.  la 
the  vicinity  of  the  Alps,  where  the  secondary  lime- 
stones are  extremely  hard  and  compact ;  they  con* 
tain  caverns,  and  afford  a  passage  for  subterranean 
currents.  A  considerable  cavern  has,  however,  been 
recently  discovered  in  mica-slate  and  common  slate, 
in  the  Isle  of  Thermia,  one  of  the  Cyclades,  at  tlie 
height  of  1400  feet  above  the  level  of  the  sea. 
M.  Virlet,  who  visited  the  cavern,  attributes  the  ex- 
cavation to  subterranean  streams  of  water,  as  there  is 
a  considerable  deposition  of  mud  and  bluish  clay  at 
the  bottom  of  it.  — Seance  du  20  -Fefi;.,  1832,  de  la 
Societe  Geologique  de  France. 

It  is  admitted  by  M.  Desnoyers,  in  the  report  from 
which  this  account  is  extracted,  that  the  existence  of 
such  a  cavern  in  rocks  of  mica-slate  and  slate,  is  a 
new  fact  in  geology.  There  are  several  thermal 
springs  iri  the  island,  which  indicate  the  action  of 
subterranean  heat.  This  agent  may,  perhaps,  have 
been,  in  some  manner,  the  ciiiise  of  the  formation  of 
the  cavern  ;  it  is,  however,  supposed  by  some  to  have 
been  an  excavation  formed  by  mining  operations  at  a 
remote  period. 

Instances  of  rivers  of  considerable  magnitude  sink- 
ing  into  the  earth,  and  emerging  again  at  the  distance 
of  several  miles,  have  been  long  known  in  many 
countries:  it  is  not  the  object  of  the  present  chapter 
to  enumerate  them,  but  to  direct  attention  to  these 
subterranean  streams,  that  have  no  apparent  connec- 
tion with  the  surface.  It  cannot  be  doubted,  how- 
ever, that  the  rivers  which  run  only  for  a  few  miles 
under  ground,  and  emerge  without  any  apparent  loss 
of  water,  must  effect  considerable  changes  in  the 
strata  during  their  subterranean  course.  In  some 
cases  rivers   are   absorbed   into   caverns,    in    others 
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they  merely  sink  into  softer  strata,  as  takes  place  witfi 
the  river  Rhone,  about  twenty  miles  from  Geneva,  at 
what  is  called  the  Perte  du  Rhone.  See  Travels  in  the 
Tarentaise,  vol.  ii.  p.  264. 

The  subject  of  subterranean  currents  has  scarcely 
attracted  the  attention  of  English  geologists,  but  it  is 
beginning  to  excite  enquiry  in  France,  where  the  prac- 
tice of  boring  for  water  is  becoming  general,  and  has 
brought  to  light  some  interesting  facts.  In  the  re- 
port of  M.  Desnoyers,  before  referred  to,  several  of 
these  facts  are  described,  but  he  previously  states  the 
observations  of  MM.  Boblet  and  Virlet,  on  the  closed 
valleys  or  gulfs  in  central  Morea,  called  katavotrons, 
«*  into  which  torrents  of  water  amassed  during  rainy 
seasons  are  precipitated,  carrying  with  them  the  mud 
with  which  thev  are  coloured,  the  skeletons  of  animals, 
with  fragments  of  shells  and  plants  mixed  with  gravel, 
which  they  introduce  into  subterranean  cavities. 
The  water  again  springs  up  at  a  great  distance  from 
the  sea  pure  and  limpid.  This  circumstance  serves 
to  explain  the  filling  of  many  caverns ;  may  it  not 
also  explain  the  sinuous  passages  filled  with  sand  and 
gravel,  between  strata  which  are  found  at  great  depths 
from  the  surface  in  the  environs  of  Paris?*' 

From  the  borings  and  sinking  for  water  in  different 
parts  of  France,  it  is  evident  that  they  occasionally 
meet  with  considerable  subterranean  streams  that  have 
somewhere  a  connection  with  the  surface  waters.  In 
a  well  sunk  at  Tours,  in  1829,  in  the  lower  chalk,  to 
the  depth  of  330  feet,  the  water  rose  rapidly  for  some 
hours,  bringing  with  it  much  fine  sand,  fragments  of 
thorns  and  seeds  of  marsh  plants,  with  land  and  fresh- 
water shells  unchanged.  Another  fact  was  recently 
discovered  at  lleinke,  near  Bochum,  in  Westphalia. 
A  well  was  sunk  to  the  depth  of  a  hundred  and  forty- 
three  feet,  when  the  water  rose  to  near  the  surface, 
bringing  with  it  small  fish  from  three  to  four  inches 
in  length.  The  nearest  currents  of  surface  water 
are  from  two  to  five  leagues  distant  from  the  well. 
How  small  is  the  proportion  of  seeds,  shells,  or  fish. 
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sand  or  gravel,  that  came  to  the  surface,  compared 
with  these  which  are  arrested  in  their  progress,  and 
finally  iill  up  the  subterranean  passages  and  change 
the  direction  of  tlie  underground  currents  !  What 
a  natural  explanation  does  this  offer  of  many  facts 
which  have  embarassed  or  deceived  geologists !  It 
may  be  well  for  the  reader  to  refer  to  what  was  stated 
in  Chap.  XII.  respecting  the  teeth  and  bones  of  small 
land  quadrupeds  found  in  the  calcareous  slate  of 
Stonesfield.  I  there  observed,  that  I  thought  it  pro- 
bable they  had  been  brought  into  their  present  situ- 
ation by  subterranean  currents,  during  the  tertiary 
epoch,  —  and  I  am  inclined  to  believe  that  the  traces 
of  such  subterranean  currents  would  be  discovered, 
could  the  internal  structure  of  the  strata  be  fully  laid 
open. 

The  subject  of  subterranean  currents  becomes  in- 
teresting to  the  geologist  when  connected  with  caverns, 
for  caverns  themselves  would  scarcely  deserve  atten- 
tion, were  it  not  that  they  frequently  contain  skeletons 
or  bones  of  large  mammiferous  animals,  belonging  to 
species  that  no  longer  exist  in  Europe,  and  are  sup- 
posed to  be  extinct  elsewhere.  Many  of  these  caverns 
were  closed  when  first  discovered,  and  some  of  them 
have  been  recently  found  to  contain  human  skulls  and 
bones,  mixed  with  the  bones  of  extinct  species  of 
quadrupeds  :  hence,  we  are  led  to  enquire  in  what 
manner  these  bones  were  introduced  into  the  caverns 
and  at  what  epoch.  The  bone  caverns  in  Germany 
will  be  first  described,  and  then  some  notice  will  be 
given  of  the  caverns  recently  discovered  in  France, 
containing  human  skulls  and  bones  :  and  lastly,  we 
shall  notice  some  of  the  bone  caverns  in  England. 

It  has  been  long  known  to  naturalists  and  travel- 
lers, that  there  are  numerous  caverns  in  the  calcareous 
mountains  of  Germany  and  Hungary,  the  floors  of 
which  are  covered  with  clay,  enveloping  a  prodigious 
qiiantity  of  bones  and  teeth  of  carnivorous  animals. 
The  bones  in  these  caverns  are  nearly  the  same,  over 
an  extent  of  more  than  one  hundred  leagues.     More 
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than  three  fourths  belong  to  species  of  bears  that  are 
now  extinct  •  ;  two  thirds  of  the  remaining  part  be- 
long to  an   unknown  species  of  hyena  ;    a  smaller 
number  belong  to  a  species  of  lion  or  tiger,  or  of  the 
wolf  or  dog ;  a  very  few  belong  to  small  carnivorous 
animals,  allied  to  the  fox  and  polecat.     The  bones  are 
nearly  in  the  same  state  in  all  these  caverns :  they  are 
found   scattered   and   detached,    partly  broken,  but 
never  rounded    by  attrition,   and  consequently  not 
brought  from  a  distance  by  water.     They  are  rather 
lighter  and  more  fragile  than  recent  bones,  but  still 
preserve  their  true  animal  matter,  containing  much 
gelatine,  and  are  not  in  the  least  petrified.     The  bones 
are  all  enveloped  in  earth  which  is  penetrated  with 
animal  matter:  except  a  few  bones  on  the  surface,  of 
a  different  kind,  which  have  been  brought  there  at  a 
later  period,  and  are  less  decomposed. 

The  most  remarkable  of  these  caverns  are  those  of 
Gaylenreuth,  on  the  left  bank  of  the  river  Wiesent, 
in  Bavaria :  they  vary  in  heiglit  from  ten  to  forty 
feet,  and  are  connected  by  narrow  low  passages. 
The  animal  earth  intermingled  with  bones,  is  in 
many  places  more  than  ten  feet  deep ;  and  accord- 
ing to  the  account  of  a  German  writer,  M.  Esper, 
would  fill  many  hundred  waggons.  The  cavern,  or 
series  of  caverns,  at  Adlesberg,  in  Carniola,  is  much 
larger  than  any  in  Germany  :  the  caves  are  of  vari- 
able dimensions,  and  are  stated  to  extend  more  than 
three  leagues  in  a  right  line,  at  which  distance  there 
is  a  lake  which  prevents  further  access.  The  floors 
of  these  caverns  are  covered  with  indurated  clay,  en- 
veloping  the  bones  of  bears,  and  other  carnivorous 
animals,  similar  to  those  in  the  caverns  of  Germany 
and  Hungary.  In  one  part  of  this  cavern,  or  series 
of  caverns,  the  entire  skeleton  of  a  young  bear  was 
discovered,  enveloped  in  clay  or  mud,  between  blocks 
of  limestone  which  lay  on  one  side  of  the  cave.    Bones 

•  The  most  common  species  of  bear  in  these  caverns,  the  Ursus 
Speleus,  was  the  size  of  a  horse.  The  fossil  hyena  was  one  third 
larger  than  any  known  Hying  species. 
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are  found  along  the  cavern,  for  several  miles  from 
the  entrance,  not  only  buried  in  inud,  which  forms 
the  floor,  but  among  heaps  composed  of  blocks  of 
limestone  and  yellow  mud  or  clay.  This  cavern  is 
situated  near  the  great  road  from  Trieste  to  Lay- 
bach. 

In  many  of  the  caverns  in  the  south  of  France,  and 
also  in  Belgium,  there  are  found  bones  in  the  mud 
and  gravel  whicli  form  the  floor,  but  which  is  some- 
times coated  with  stalagmite. 

What  has  excited  great  attention  is,  the  intermix- 
ture of  human  bones  and  rude  works  of  art,  with  the 
bones  of  extinct  species  of  mammiferous  quadrupeds. 
In  some  instances,  the  human  bones  appear  to  be 
reduced  to  what  has  been  called  the  same  fossil  state, 
as  that  of  the  animal  bones  with  which  thev  are  in- 
termixed.  Much  more  importance  has  been  attached 
to  this  circumstance  than  I  think  it  deserves;  for,  in 
the  first  place,  few  if  any  bones  of  mammiferous  land 
quadrupeds  found  in  caverns,  or  in  diluvial  soil,  can 
be  properly  said  to  be  fossilised,  as  they  retain  a  part 
of  their  original  matter;  and,  secondly,  the  experi- 
ments of  Dr.  Jenner,  stated  in  p.  27.,  prove,  that  when 
recent  bones  are  immersed  in  mud  containing  pyrites 
or  soUitions  of  iron,  tliC}^  become  more  or  less  ibssilised 
in  a  few  months.  Tlie  caverns  in  the  south  of  France, 
according  to  M.  Desno3^ers,  were  some  of  them  partly 
filled  with  bones  of  quadrupeds  before  human  bones 
were  introduced  into  them ;  others  appear  to  have 
been  empty.  He  observes,  how  often  may  these  ca- 
verns have  served  as  burial-j)laces  to  the  ancient  inha- 
bitants, or,  at  a  more  recent  period,  as  places  of  retreat 
during  religious  persecutions,  from  the  persecutions 
of  the  Druids  to  these  of  the  Huguenots.  The  his- 
torian Florus  (he  adds)  expressly  informs  us,  that 
the  inhabitants  of  Aquitaine,  an  artful  people,  retired 
into  caverns,  and  that  Ca?sar  gave  orders  to  have  them 
closed  in  their  retreats,  and  left  to  perish.  "  Aquitani, 
callidum  genus,  in  speluncas  se  recipiebant,  jussit 
includi."  —  Flor.  lib.  iii.  cap.  10. 
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Add  to  this,  from  the  known  hnhits  of  several  races 
of  the  ancient  Celts  to  live  in  caverns,  of  which  many 
are  preserved  in  the  provincea  bordering  the  Loire 
and  the  Rhone,  it  may  be  readily  beheved  that  the 
human  bones  with  pottery,  in  the  caverns  of  part  of 
ancient  Aquitaine  and  tlie  Narboniiaisc,  belonged  to 
some  of  the  wretched  Gauls,  whom  Oesar  caused  to 
perish  in  these  caverns. 

Where,  says  M.  Desnoyers,  the  mixture  of  human 
bones  and  those  of  quadrupeds  is  more  complete, 
currents  of  water  might  have  efiected  a  movement 
and  intermixture  (j'cmamemenl)  of  a  more  recent  date. 
The  hatchets  of  dint  and  other  rude  nstrumcnls  found 
in  these  caves,  are  such  as  are  found  also  in  the  tu- 
muli oi'  the  ancient  Celts,  and  were  in  use  in  the  time 
of  Cajsar. 

M.  Desnoyers  thinks  the  moat  ancient  of  these 
bones  are  Gaulic  or  Celtic  :  others  belong  to  a  more 
recent  epoch.  He  examined  the  rich  collection  o? 
Celtic  coins  in  the  Bibliotheque  Koyale  ;  on  many  of 
them  he  observed  figures  of  animals,  such  as  the  boar, 
the  horse,  the  wild  ox,  and  the  stag ;  and  more  rarely 
symbolic  or  monstrous  animals,  but  no  figures  of  the 
rhinoceros  and  other  extinct  races,  which,  had  they 
been  co.existent  with  man,  there  might  have  been 
reason  to  expect. 

M.  Tonrnal,  who  first  discovered  human  bones  in 
the  cavern  at  Bize,  maintains  a  contrary  opinion,  and 
he  applies  the  same  conclusions  to  the  bones  of  mam- 
miferous  animals  in  other  caverns.  The  caverns  of 
Bize  (Aude)  contain  bones  of  the  stag,  the  camel, 
the  roebuck,  the  antelope,  and  bear ;  those  of  Som- 
mi^res  (Card)  contain  bones  of  the  rhinoceros,  the 
ox,  the  horse,  the  stag,  and  the  liyena.  M.  Toumal 
concludes  from  the  state  of  the  bones,  that  they  are 
antediluvian,  and  that  before  the  last  general  cata- 
strophe (catadi/snie)  southern  Gaul  was  inhabited  by 
man,  together  with  a  great  number  of  species  of 
mammiferous  animals  now  extinct. 

Tlie  cavern  of  Itancogne,  situated  three  leagues 

GO 


4diO  CAVSBN8  WITH  HUMAN    BON£6« 

from  Angoul^me,  is  one  of  the  largest  in  France,  and 
has  long  been  celebrated  for  its  quantity  of  stalactites; 
but  under  the  stalagmite  and  alluvial  soil  on  the  floor 
of  the  cavern,  a  great  quantity  of  human  and  quadra- 
pedal  bones  have  been  found,  mixed  with  fragments 
of  pottery  and  with  pebbles  from  the  adjoining  rocks. 
A  brook  still  traverses  this  grotto.  The  river  Tardo- 
nere,  which  runs  at  a  little  distance,  loses  a  part  of  its 
waters  in  other  gulfs  in  the  country ;  it  often  over- 
flows, and  has  penetrated  into  the  cavern  of  Rancpgne. 
The  traditions  of  the  country  preserve  the  remem- 
brance of  the  cavern  having  served  the  inhabitants  as 
a  place  of  refuge  at  different  periods,  and  that  wolves, 
which  abound  in  the  forest  of  Braconne,  commonly 
retire  into  it  and  carry  with  them  their  prey,  and  hu- 
man bodies,  which  they  exhume  from  the  neighbour- 
ing cemetery. 

This  mode  of  filling  the  cavern  (observes  M,  Des* 
noyers)  differs  much  indeed  from,  the  antediluvian 
theory  of  M.  Tournal.  Some  grottoes  contain  humao 
bones  in  the  upper  alluvial  soil,  over  a  bed  of  stalag- 
mite, under  which  there  is  a  lower  bed  with  bones  of 
quadrupeds. 

The  cavern  of  Miallet,  near  Andure  (department  of 
Gard),  is  situated  near  the  banks  of  the  river  Gardom 
It  occurs  in  magnesian  limestone,  about  100  feet  above 
the  valley :  the  lower  bed  or  floor  of  the  grotto  is  a 
sandy  magnesian  limestone,  covered  with  a  thin  bed 
of  stalagmite,  and  also  in  several  parts,  with  a  bed  of 
argillaceous  mud,  about  five  feet  in  thickness.  In  this 
bed  the  hea^s  and  bones  of  bears  were  found  in  great 
abundance  and  in  a  high  state  of  preservation  :  they 
were  larger  than  the  common  cavern  bear  (^Ursus 
spelams).  .  A  few  fragments  of  bones  of  the  hyena,  of 
ruminating  animals,  and  of  birds  were  also  found  with 
them.  Under  the  stalagmite  and  a  thin  stratum  of 
sandy  mud,  a  great  number  of  human  bones  were  dis- 
covered in  different  parts  of  the  cavern.  Towards 
the  farther  end  of  the  cavern,  the  human  bones  are 
incontestably  mixed  with  the  bones  of  bears,  which 
predominate  in  that  part:    but  near  the  entrance, 
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hnmaTi  bones  predominate,  and  appear  somewhat 
more  recent.  Upon  the  ossiferous  or  bone  mud,  and 
under  a  projection  of  the  rock,  a  human  skeleton 
was  discovered  almost  entire ;  near  which  was  a 
lamp  and  a  small  figin-e  in  baked  clay,  and  at  a  little 
distance  were  copper  bracelets.  In  other  parta  of  the 
cave  were  found  fragments  of  rude  pottery,  and  in- 
strmnents  of  flint,  the  workmanship  of  a  preceding 
age.  The  human  heads  are  stated  to  present 
indications  of  belonging  to  the  Caucasian  race,  but 
they  have  a  depression  of  the  skiill,  which  M.  Tessier 
supposes  to  have  been  produced  artificially. 

M.  Tessier  distinguishes  three  periods  during  which 
this  grotto  was  filled:  1st,  An  antediluvian  epoch — - 
that  of  the  bears,  which  belong  to  an  extinct  species; 
these  he  supposes  may  have  lived  in  the  cavern  during 
successive  generations,  or  may  have  been  driven  there 
by  some  great  convulsion,  '^d.  An  epoch  of  incipient 
civilisation,  that  of  the  ancient  Celts ;  whose  bones 
are  intermixed  with  rude  implements  of  industry. 
3d,  A  Roman  epoch,  indicated  by  more  perfect  works 
of  art.  With  respect  to  the  mixture  of  human  bones 
with  those  of  bears,  it  does  not  prove  that  the  latter 
were  contemporaneous  with  man,  because  it  is  obvious 
that  they  could  not  have  lived  together  in  the  same 
cavern.  The  mixture  may  have  been  effected  by  the 
action  of  water,  or  by  artificial  excavations  in  the 
original  bone  bed,  for  sepulchral  purposes. 

Perhaps  it  may  yet  be  regarded  as  uncertain, 
whether  these  human  bones  were  or  were  not  coeval 
with  those  of  the  cavern  bear,  the  rhinoceros,  and 
other  animals  ;  for  we  have  no  decided  evidence  when 
these  animals  became  entirely  extinct.  1  am  inclined 
to  believe,  that  the  mastodon  of  North  America 
existed  there  much  later  than  is  generally  admitted  ; 
the  reason  for  this  opinion  will  be  given  in  the  follow- 
ing chapter.  Secondly,  we  cannot  assign  a  reason  why 
man  might  not  have  existed  in  the  tertiary  epoch,  ex- 
cept that  his  bones  are  nowhere  discovered  in  the 
regular  tertiary  strata.     The  country  that  c 
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support  to  the  mammoth,  or  ancient  elephant,  to  the 
mastodon,  and  the  elk,  might,  for  aught  we  know  to 
the  contrary,  be  also  suited  for  the  residence  of  man. 

It  is  very  different  with  respect  to  the  secondary 
strata ;  for  though  many  of  these  strata  have  once 
been  dry  land,  or  in  the  vicinity  of  dry  land,  yet  we 
nowhere  find  in  them  the  bone^  of  herbivorous 
mammalian  quadrupeds,  that  could  have  been  with 
man  joint  tenants  of  the  globe;  nor  even  do  we  find 
bones  of  carnivorous  quadrupeds,  that  might  have 
preyed  upon  the  former,  had  they  existed. 

During  the  tertiary  epoch,  however,  there  is  evi- 
dence of  great  revolutions  of  the  surface,  by  the 
elevation  of  mountain  ranges,  which  might,  perhaps, 
render  the  earth  unfit  for  the  continued  existence  of 
the  human  species ;  and  I  am  inclined  to  believe, 
that  the  occurrence  of  human  bones  in  caverns,  or  in 
diluvial  beds  of  gravel,  sand,  or  mud,  has  not  yet 
invalidated  the  position,  that  the  creation  of  man  was 
posterior  to  the  tertiary  epocli. 

We  come  now  to  the  English  caverns :  they  have 
been  more  recently  the  object  of  attention  than  the 
bone  caverns  of  Germany;  but  their  discovery  may 
be  said  to  have  given  a  new  impulse  to  geology,  both 
in  this  country  and  on  the  Continent,  for  which  we 
are  chiefly  indebted  to  the  enhghtened  and  indefa- 
tigable exertions  of  Professor  Buckiand,  of  Oxford. 

Single  skeletons  of  large  quadrupeds  have  formerly 
been  discovered  in  caverns  in  this  country ;  but  we 
had  no  authentic  account  of  the  bones  of  carnivorous 
animals  having  been  found  in  any  English  caves, 
previously  to  the  year  1821;  when  some  labourers, 
working  in  a  quarry  at  Kirkdale,  near  Kirby  Aloor- 
side,  in  Yorkshire,  discovered  an  opening  covered 
over  with  rubbish  and  earth,  about  100  feet  above  the 
neighbouring  brook.  This  was  the  mouth  of  a  low 
cavern,  extending  about  200  feet  into  the  rock.  The 
floor  of  the  cavern  was  covered  with  broken  bones 
and  teeth  of  various  animals,  encased  in  a  stratum  of 
mud  about  a  foot  thick.   Fortunately  tliis  cavern  was 
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examined  by  Professor  Buckland,  of  Oxford,  soon 
after  its  discovery,  who  has  published  a  very  lumin- 
bus  account  of  its  structure  and  contents,  elucidated 
by  references  to  the  most  remarkable  caverns  in  other 
countries  which  he  has  visited,  containing  the  bones 
of  carnivorous  animals.  The  bones  in  the  Kirkdale 
Cave  are  broken  and  gnawed,  and  some  of  them  pre- 
serve the  marks  of  the  teeth  which  have  fractured 
them.  Even  the  excrements  of  animals,  similar  to 
those  of  the  hyena,  have  been  discovered  with  them. 
The  bones  in  this  cave  differ  much  from  those  in  the 
caves  of  Germany,  as  a  great  number  of  them  belong 
to  herbivorous  animals,  and  the  carnivorous  animals 
whose  remains  are  most  abundant  are  hyenas. 

Among  these  remains.  Professor  Auckland  has 
ascertained  bones  of  the  following  orders :  — 

Camhorotis  Quadrupeds.  —  The  hyena,  tiger,  bear, 
"wolf,  fox,  and  weasel. 

Pachydermata.  —  The  elephant,  rhinoceros,  hip- 
popotamus, and  horse. 

RodentiCj  or  Gnawers.  —  The  hare,  rabbit,  rat, 
water-rat,  and  mouse. 

Ruminant  Animals.  —  The  ox,  and  fragments  and 
bones  of  three  species  of  deer. 

Birds.  —  The  raven,  pigeon,  lark,  snipe,  and  a 
small  species  of  duck. 

From  the  great  number  of  bones  of  the  hyena 
found  in  this  cave,  Professor  Buckland  infers  that  it 
had  long  been  the  habitation  of  these  animals.  It  is 
their  ascertained  habit,  partly  to  devour  the  bones  of 
their  prey ;  they  also  devour  the  dead  bodies  of  their 
own  species ;  like  wolves  they  are  gregarious,  and 
hunt  in  packs.  From  the  habits  of  the  hyena,  he 
explains  the  occurrence  of  the  remains  of  large 
herbivorous  quadrupeds,  like  the  elephant,  in  so  low 
a  cave  as  that  of  Kirkdale ;  they  have  been  dragged 
into  it  by  these  voracious  animals.  Several  English 
caverns  have  since  been  explored.  In  some  of  them 
there  are  bones  both  of  herbivorous  and  carnivorous 
animals,  similar  to  those  in  the  Kirkdale  Cave.  These 
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caves  are  described  in  Professor  Buckland's  valuable 
work,  entitled  ReliquicB  Diltwiance. 

That  the  caverns  in  which  the  bones  of  carnivorous 
animals  are  found  in  such  prodigious  quantities,  were 
the  retreats  of  some  of  these  animals,  cannot  be 
doubted.  Many  circumstances,  described  in  the  ac- 
count of  the  Kirkdale  Cave,  can  only  be  explained 
by  admitting  it  There  are,  however,  other  circum- 
stances, particularly  in  the  caves  of  Germany,  which 
would  imply,  that  part  of  the  bones  belong  to  animals 
that  had  fallen  through  fissures,  which  formerly 
opened  into  these  caverns,  or  that  the  bones  them- 
selves  had  been  carried  by  currents  of  water,  through 
subterranean  passages  into  these  caverns,  as  before 
explained  in  the  present  chapter.  In  the  cave  at  Gay- 
lenreuth  there  are  rounded  fragments  of  limesfame, 
intermixed  with  the  bones ;  and  the  entrance  of  sOme 
of  the  caverns  is  much  too  small  to  have  admitted  thfe 
animals  whose  bones  are  found  in  them.  I  think  it 
is  also  probable,  that  a  violent  convulsion  of  nature^ 
as  a  rising  deluge  and  the  fierce  war  of  elements 
without,  might  have  driven,  undeP  the  strong  impulse 
of  alarm,  numerous  animals  of  different  species  into 
the  same  caverns,  where  they  devoured  each  other, 
and  their  bones  have  been  intermixed  with  those  of 
the  former  inhabitants.  The  entrances  of  many  of 
the  caverns,  and  the  caverns  themselves,  were  doubt- 
less formerly  more  lofly  than  at  present ;  they  have 
been  gradually  lowered  by  the  subsidence  of  the 
upper  strata.  Indeed,  it  is  admitted  that  the  caverns 
and  grottoes  in  the  neighbourhood  of  Adelsberg, 
have  occasioned  numerous  depressions  of  the  surface. 
Such  an  effect  must  generally  take  place,  in  a  greater 
or  less  degree,  with  the  strata  over  caverns. 

The  occurrence  of  the  bones  of  quadrupeds  in  tlie 
clefte  or  fissures  of  rocks,  intermixed  with  fragments 
of  the  rock,  and  cemented  with  them  into  a  kind  of 
breccia,  is  vary  common  in  many  of  the  calcareous 
rocks  adjoining  the  Mediterranean  sea.  The  osseous 
breccia  of  Gibraltar  is  well  known :  the  calcareous 
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matter  wbich  has  been  infiltrated  into  the  jissures, 
and  forms  the  cement,  has  generally  a  reddish  colour, 
and  contains  so  much  phosphoric  acid,  from  the  de- 
composition of  animal  matter,  as  to  become  luminous 
in  the  dark  when  scraped.  The  bones  in  the  fissures 
surrounding  the  Mediterranean,  belong  chiefly  to 
herbivorous  quadrupeds ;  but  they  are  sometimes 
intermixed  with  marine  shells,  indicating  a  great 
change  in  the  level  of  the  locks,  subsequent  to  the 
filling  of  the  fissures. 

Osseous  breccia,  similar  to  that  in  Europe,  has 
been  recently  discovered  by  Major  Mitchel,  in  the 
rocks  bordering  Wellington  Valley,  in  New  Holland. 
The  breccia  contains  bones  and  fragments  of  rock, 
with  the  same  red  calcareous  cement  as  the  osseous 
breccia  of  Gibraltar,  &c. 

According  to  the  examination  of  Cuvier  and  Mr. 
Feutland,  some  of  the  bones  belong  to  different 
species  of  the  kangaroo,  and  animals  of  the  same 
genera  that  exist  in  New  Holland  ;  but  others  belong 
to  ^)ecies  hitherto  unknown  to  naturalists.  Among 
these  bones  there  are  the  remains  of  a  species  of 
elepliant :  a  fact  extremely  interesting,  as  it  proves 
tiiat,  in  tiie  ancient  condition  of  the  globe,  this  part 
of  its  surface  supported  animals  more  analogous  to 
those  oi'  Asia  and  Africa,  than  any  which  existed 
upon  it  when  first  discovered  by  Europeans.  In  the 
report  to  the  Geological  Society  of  France,  1831,  it 
is  observed — •"  Thus  we  have  in  New  Holland,  a 
deposition  of  osseous  breccia  and  caverns,  similar  to 
those  of  Europe,  ft'ere  t/iese  depositions  cotempo- 
rnry  ?  This  is  not  very  probable  j  at  different  epochs 
the  analogy  has  consisted  in  the  mode  of  formation; 
many  dili'erent  catastrophes  may  have  destroyed  tiie 
great  animals  of  the  Ohio,  of  the  Irrawadi,  of  the 
north  and  central  parts  of  Europe,  and  of  Austi'alia, 
and  buried  their  bones  in  fissures  and  cavenis,  or  in 
beds  of  clay  and  gravel.  But  wliatever  was  the  epoch 
of  the  deposition  in  New  Holland,  the  organisation  of 
G  G  4 
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animal  life  was  then,  in  a  great  part,  the  same  as  at 
present;  since  we  find  in  the  osseous  breccia,  the 
types  of  that  class  of  animals  that  are  still  peculiar 
to  the  country,  but  always  accompanied  by  bones 
of  genera  (the  mastodon  and  elephant)  which  are 
altogether  unknown  there/' 


The  depositions  of  calcareous  earth  pendant  from 
the  roofs  of  caverns,  called  stalactites^  and  those  upon 
the  floors  of  caverns,  called  stalagmites^  are  formed 
by  the  evaporation  of  water,  holding  calcareous 
earth  in  solution.  A  drop  of  water,  in  evaporating, 
deposits  a  pellicle  of  limestone,  which  is  increased  by 
succeeding  depositions,  until  a  small  protuberance  of 
solid  limestone  is  formed,  nearly  the  shape-of  a  drop 
of  water.  This  protuberance  becomes  enlarged  by 
water  trickling  over  it,  and  takes  the  shape  of  an 
icicle.  The  water  that  drops  upon  the  floors  bf 
caverns,  sometimes  deposits  a  thick  coat  of  limestone 
over  the  whole  floor ;  but  in  those  parts  where  the 
drops  fall  most  frequently,  a  more  copious  deposition 
of  calcareous  earth  takes  place,  in  the  form  of  tuber- 
cles :  these  are  the  stalagmites.  In  some  instances 
the  stalactites  and  stalagmites  increase,  until  they 
nearly  fill  the  whole  cavern. 
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CHAP.  XXL 

ON  THE  DESTRUCTION  OF  MOUNTAINS,  AND  THE 
FORMATION  OF  SOILS ;  AND  ON  ALLUVIAL  AND 
DILUVIAL  DEPOSITIONS. 

Erroneous  Opinions  respecting  the  Growth  of  Stones,  supported  by 
the  Authority  of  John  Locke.  —  On  the  Causes  m  present 
Operation  that  wear  down  Rocks.  —  Rapid  Destruction  of 
Mountains  dependent  on  their  Structure.  —  Fall  of  Mont 
Grenier  in  Savoy.  —  Breaking  down  of  the  Barriers  of  Moun* 
tain  Lakes.  —  Scattered  Masses  of  Rock. —  Increase  of  Land 
by  Allurial  Depositions  in  Lakes,  and  the  Deltas  of  large 
.  ^vers. — On  tne  Formation  of  productive  Soils.  —  Recent 
Strata  formed  in  Lakes.  —  Peat  and  Peat  Moors.  —  Inundations 
of  Sand.  —  Remains  of  Elephants  and  other  large  Animals, 

''  ftund  in  the  Diluvial  Beds  in  £ngiand>  and  the  frozen  Regions 

/  •  ^  of  Europe  and  Asia. 


*t 


-Few  persons  can  have  travelled  a  hundred  miles 
throuffh  any  country  without  having  seen  beds  of 
gravel^  or  of  rounded  stones,  or  fragments  of  rock 
scattered  in  different  directions,  which  were  evidently 
never  brought  into  their  present  situation  by  the 
labour  of  man.  In  some  instances  these  masses  of 
loose  stones,  or  large  fragments  of  rock,  occur  on  the 
summits  of  hills,  or  on  elevated  ground,  and  the 
stones  are  altogether  unlike  any  rocks  or  strata  in 
the  adjacent  districts.  Among  the  hundreds  of  tra- 
vellers to  whom  such  objects  are  familiar,  it  is  sur- 
prising how  few  have  ever  raised  the  enquiry — **  How 
did  these  masses  qf  rock^  or  beds  of  loose  stones^  come 
here  ?  "  One  great  reason  for  this  indifference  arises 
from  a  cause  that  may  surprise  geologists.  Many 
well-educated  persons,  who  possess  much  information 
on  various  subjects,  still  entertain  the  belief  that 
stones  grow  in  the  places  where  they  are  now  found : 
this  belief  excludes  the  necessity  for  further  enquiry. 
They  can  also  refer  to  the  authority  of  the  ablest 
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philosopher  this  country  ever  possessed,  for  a  confirm- 
ation  of  their  opinion,  should  it  be  controverted. 

The  celebrated  John  Locke  states,  in  his  "  Ele- 
ments of  Natural  Philosophy,*'  that  "a//  stones^ 
metals^  and  minerals^  are  real  vegetables  ;  that  is^  grow 
organically  from  proper  seeds,  as  well  as  plants.*' 

If  any  one  should  think  it  superfluous  to  notice 
this  extraordinary  passage,  in  the  present  age  of 
general  information,  let  him  enquire  among  his  friends 
whether  stones  grow  ?  and  he  will  be  somewhat  sur* 
prised  by  the  answers  he  may  receive. 

These  scattered  fragments  of  rock,  or  beds  of  loose 
stones,  together  with  beds  of  sand  and  gravel,  present 
objects  of  enquiry  of  the  most  interesting  kind.  From 
what  districts  were  they  transported?  What  were 
the  causes  by  which  they  were  removed  ?  What  was 
the  epoch  of  their  removal  ? 

A  farther  enquiry  also  presents  itself,  as  some  of 
the  beds  of  loose  stone  are  rounded,  or  water-wosn, 
like  the  shingles  on  the  sea  beach,  but  are  now  raised 
many  hundred  feet  above  the  high-water  mark.  By 
what  agents  were  these  beds  raised  to  their  present 
elevation?  Satisfactory  solutions  to  all  these  enquiries 
will  probably  long  remain  desiderata  in  geology, 
though,  in  some  instances,  we  can  now  arrive  at  a  high 
degree  of  probability,  by  referring  to  causes  in  pre- 
sent operation.  These  scattered  fragments  or  masses 
of  rock,  with  beds  of  loose  stones  and  gravel,  or  of 
superficial  sand  or  clay,  are  comprised  by  French 
geologists  under  the  appropriate  name  of  terreins  de 
transport ;  a  name,  however,  which  cannot  well  be 
introduced  into  our  language.  We  shall,  therefore, 
divide  them  into  three  groups,  adopting  the  names 
generally  received.  Scattered  blocks  of  rock;  dilu- 
vial beds  or  diluvium  ;  and  alluvial  beds  or  alluvium  ; 
using  the  two  latter  without  any  reference  to  theory. 
Alluvial  beds,  consist  of  the  sand,  soil,  or  stones 
brought  down  by  rivers,  and  deposited  in  their  beds» 
or  scattered  upon  their  banks,  or  carried  into  the  sea 
lakes,  forming  deltas  at  the  mouths  of  riversi 
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Diluvhan,  or  dituviat  beds,  comprise  both  tlie  scattered 
blocks  of  rock,  and  the  beds  of  stotie  or  gravel,  that 
are  carried  into  distnnt  districts.  They  are  called  dilu- 
vial, on  the  supposition  that  they  were  transported 
during  some  great  convulsion,  by  deluges  or  inun- 
dations ;  or,  in  other  words,  that  they  were  removed 
by  causes  more  powerful  than  any  which  are  seen  in 
constant  operation. 

In  order  to  form  a  more  distinct  idea  of  the  causes 
which  have  transi)orted  the  beds  and  fragments  of 
stone  into  their  present  situation,  we  shall  first  con- 
sider the  causes  that  are  daily  wearing  down  the 
loftiest  mountains  and  clifl's,  or  undermining  the  solid 
ground  on  the  sea  shore.  The  disintegration  of  rocks 
and  mountains  is  constantly  taking  place,  by  the  in- 
cessant operation  of  atmospheric  causes.  The  infil- 
tration of  water  into  the  fissures  of  rocks,  and  its 
expansion  by  frost,  ollen  produces  sudden  fulls  of 
immense  masses  of  rock.  The  slow  operation  of 
descending  currents,  excavates  the  sort  beds  in  the 
lower  parts  of  mountains;  and  the  upper  rocks,  being 
undermined,  fall,  with  a  tremendous  crash,  into  the 
vales  below.  Instances  of  this  kind  have  occurred  in 
our  own  times.  By  both  these  causes,  the  process  of 
disintegration  is  rapidly  going  on  in  the  Alps;  but 
snch  is  the  immensity  of  these  enormous  mountain 
ranges,  that  ages  pass  away,  before  any  diminution  of 
their  bulk  is  perceived. 

In  Alpine  districts  of  great  elevation,  there  is  also 
another  cause,  more  exposed  to  observation,  which  is 
ever  in  action  during  the  summer  months.  The  snow 
upon  the  mountains  below  the  line  of  eternal  congela- 
tion, when  it  begins  to  dissolve,  forms  numerous 
rivulets  that  unite  into  large  streams,  and  descend  in 
cataracts  with  impetuous  force,  excavating  deep 
ravines  in  the  lower  rocks.  To  use  the  words  of 
Professor  Playtair,  they  are  "  Nature's  saws,  inces- 
santly at  work,  cutting  down  the  mountains." 

The  vignette  in  tlie  title)»nge  of  this  volume  re- 
presents the  ui^er  part  of  the  valley  of  Sext,  in 
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Savoy,  in  which  the  water,  descending  fix)ni  the 
Alpine  snow  on  the  Buet  and  other  mountains,  is  seen 
rushing  in  numerous  cascades  to  the  lower  valley. 
But  the  most  powerful  effects  of  these  cataracts  may 
be  observed  during  thunder  storms,  or  after  an  un- 
usually  rapid  thaw,  when  the  upper  rivulets  overflow 
their  accustomed  boundaries,  and  carry  with  them  the 
loose  stones  or  masses  of  rock  they  meet  in  their  de- 
scent, and  dash  them  with  inconceivable  violence  into 
the  lower  waterfalls,  breaking  down  the  solid  rocks 
on  each  side,  and  deepening  and  enlarging  the  ravines 
into  which  they  fall.  The  operation  of  this  cause 
will  be  again  referred  to  in  the  following  chapter. 

We  need  not  indeed  travel  to  the  Alps  to  prove, 
that  the  mountains  have  been,  and  are  still  wearing 
down.  The  rocky  fragments  in  Borrowdale;  the 
deep  ravines  made  by  torrents  in  the  sides  of  Skiddaw; 
the  immense  blocks  of  granite  torn  from  Wastdale 
Crag,  in  Westmoreland,  and  scattered  many  miles  over 
the  adjacent  counties,  offer  striking  proofs  of  this. 
The  central  parts  of  England  have  once  had  a  greater 
elevation  than  at  present ;  pebbles  formed  of  the 
Charnwood  Forest  rocks,  are  spread  all  over  the  mid- 
land counties.  Masses  of  the  rocks  of  Cumberland 
and  Wales,  more  or  less  water-worn,  occur  almost 
every  where  under  the  alluvial  plains  of  Cheshire  and 
Lancashire.  Beds  of  flint  gravel,  formed  by  the  dis- 
integration  of  chalk  rocks  in  which  flints  were  imbed- 
ded, occur  in  many  parts  of  England  at  a  considerable 
distance  from  the  sea,  or  from  the  chalk  districts. 

The  transportation  of  these  masses  of  rock,  or  beds 
of  stones  and  gravel,  cannot  have  been  effected  by 
any  thing  like  the  present  action  of  rivers  in  England, 
and  is  generally  referred  to  the  more  extensive  opera- 
tion of  deluges,  during  great  convulsions  of  the  globe; 
but  if  we  return  to  the  Alps,  and  view  the  effects  now 
taking  place,  we  must  admit,  that  it  is  not  always  easy 
to  make  the  distinction  between  alluvial  and  diluvial 
depositions. 

Innumerable  blocks  of  granite  and  other  primary 
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rocks,  torn  from  the  central  range  of  the  Alps,  are 
scattered  over  the  calcareous  mountains  at  a  great 
distance  from  this  range, or  are  spread  in  heaps  in  many 
of  the  distant  valleys.  All  the  great  rivers  that  issue 
from  tlic  Alps,  where  the  valleys  open  into  the  plains, 
have  made  deep  sections  in  beds  composed  of  the 
ruins  of  the  mountains,  and  exhibit  proojs  of  the  vast 
destruction  that"  has  taken  place.  The  river  Doire, 
where  it  enters  the  plains  of  Piedmont,  has  cut 
through  a  mass  of  fragments  more  than  1500  teet  in 
depth ;  these  fragments  consist  of  irregular  blocks  of 
granite,  mica  slate,  and  serpentine,  frequently  more 
than  thirty  cubic  yards  in  extent,  covered  by  smaller 
fragments,  and  by  earthy  matter  trom  the  decompo- 
lution  of  the  softer  rocks :  the  fragments  decrease 
in  size  a.s  their  distance  increases  from  the  parent 
mountain. 

Wlioever  has  ascended  the  lofty  eminences  im- 
mediately below  the  highest  pinnacles  of  the  Alps, 
can  scarcely  fail  to  have  received  sensible  proofs,  of 
the  daily  and  hourly  disintegration  of  the  mountains. 
Here,  placed  nearly  above  the  region  of  vegetable 
or  animal  existence,  and  surronndcd  by  the  sublimest 
objects  in  nature,  the  deep  silence  which  prevails 
around  is  truly  solemn  and  impressive ;  but  it  is 
broken  trom  time  to  time,  by  sounds  like  the  rolling 
of  distant  thunder,  or  by  a  nearer  and  louder  crash, 
which  is  repeated  by  the  echoes  trom  rock  to  rock. 
Tliese  sounds  proceed  from  the  lalUng  of  avalanches, 
or  from  glaciers  splitting  and  discharging  the  loose 
rocks  upon  their  surface,  or  from  ^boulements  of 
rock,  detached  from  the  bare  and  exposed  sides  of  the 
pinnacles  ajid  aiguilles.  The  fragments  generally  fall 
into  the  elevated  mountain  valleys,  and  are  scattered 
over  the  suriace  of  the  higher  glaciers,  which  extend 
fiom  thence  into  the  lower  Alpine  valleys.  As  the 
glaciers  in  these  valleys  are  gradually  melting  during 
summer,  the  ice  above  progressively  moves  downward, 
bearing  with  it  the  cargoes  of  stones  on  its  suriace, 
vhich  it  discharges  iu  heaps  at  its  feet  and  sides. 
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These  accumulations  of  stones  are  called  tnartdns^ 
'  The.  destruction  of  granitic  and  schistose  mountahia^ 
it  has  been  before  observed,  is  generally  efiected  by 
water  penetrating  between  the  fissures,  and  beconiing 
suddenly  expanded  by  frost  The  overthrow  of  caH 
careous  rocks  is  effected  in  a  different  manner ;  and 
the  vast  ^boulements  which  they  occasion,  are  more 
terrific  and  destructive,  than  the  ^boulements  from  the 
primary  mountains,  as  they  generally  take  place  in 
more  thickly  inhabited  districts. 

The  destruction  of  the  calcareous  mountains  in  the 
Alps,  depends  on  the  peculiar  composition  and  struc- 
ture of  these  mountains.  In  the  year  1821,  I  passed 
a  great  part  of  the  summer  in  examining  the  calca- 
reous mountains  in  Savoy,  the  structure  of  wliidi 
was  then  not  generally  understood,  or  at  least  had 
not  been  described,  in  any  geological  work  that  I  bad 
met  with.  It  was  generally  believed  that  the  calca* 
reous  mountains  were  entirely  composed  of  beds  of 
limestone,  with  lofly  mural  precipices  on  the  upper 
part;  and  that  the  lower  parts,  sloping  from  tiiese. 
precipices,  were  formed  of  the  d6bris  of  the  limestone. 
So  far  from  this  being  the  case,  the  calcareous  moun> 
tains  of  the  Alps,  which  comprise  all  the  English  form- 
ations, from  the  magnesian  limestone  or  chalk,  alter- 
nate, like  the  English  formations,  with  enormous  beds 
of  soil  shale  and  sandstone ;  and  it  is  to  this  alterna- 
tion, they  owe  the  frequent  destruction  of  the  upper 
parts  of  the  mountains. 

If  all  our  English  secondary  formations,  were  by 
some  powerful  cause  elevated  six  or  seven  thousand 
feet  above  their  present  level,  and  the  beds  bent  into 
curves,  constituting  several  ranges  of  mountains,  we 
should  have  precisely  what  is  found  in  the  calcareous 
ranges  of  the  Alps.  This  arched  form  of  the  calcareous 
mountains  is  represented,  Plate  II.  fig.  1.,  and  fig.  2. 
.r,  t/.  Now,  if  one  thick  bed  of  limestone,  or  a  portion 
of  it,  be  broken  off  as  at  js:,  fig.  2,  the  action  of  continued 
rains  on  the  sofb  bed  on  which  it  rests,  will  under-^ 
mine  it,  until  other  portions  of  the  limestone  will  fall 
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down  ;  and  if  this  process  take  place  on  both  sides  of 
the  mountain,  the  whole  of  the  bed  of  limestone  will 
tall,  except  the  part  which  rests  flat  upon  the  summit : 
ill  this  manner  have  been  led  the  enormous  caps  of 
limestone,  like  immense  castles,  that  compose  the 
summits  of  the  calcareous  mountains,  near  the  lake  of 
Annecy,  and  in  the  Bauges. —  Sometimes  the  moun- 
tain caps,  which  form  an  extended  range  in  front, 
present  tlie  appearance  of  a  narrow  ridge  when  seen 
in  profile. 

The  mountain  called  the  Dent  d*Alen<;on,  near 
the  Lake  of  Annecy,  offers  a  remarkable  instance  of 
this.  .Sec  Plate  11.  fig.  G.  The  mass  of  limestone  on 
its  summit,  —  which  I  found  by  trigonometrical  meju 
surement  to  rise  3S40  feet  above  the  lake,  and  to  be 
nearly  five  hundred  feet  in  thickness,  —  was  undoubt- 
edly once  a  continuous  bed,  covering  the  mountain 
like  a  mantle,  as  represented  by  the  dotted  lines:  in 
the  course  of  ages,  the  side  a  a  has  fallen  down,  and 
the  action  of  rain  on  the  sofl  bed,  c,  on  the  other  aide, 
is  undermining  the  steep  escarpment  b,  and  preparing 
for  its  further  destruction.  The  sofl  bed  cc,  which 
forms  the  tains  or  slope,  being  covered  with  vegeta- 
tion on  the  side  b  c,  is  in  some  parts  protected  from 
rapid  disintegration.  On  the  opposite  side  of  the 
valley,  1  found  that  the  thick  bed  which  formed  the 
talus  or  slope  under  the  limestone,  was  lias  clay.  1 
was  not  able  to  ascend  the  Dent  d'Alen9on,  and 
therefore  did  not  ascertain  whether  the  bed  c  was 
soft  sandstone  or  lias.  In  numerous  instances,  the 
npper  beds  of  limestone  in  the  mountains  of  Savoy, 
may  be  observed  overlapping  and  overhanging,  as  at 
c  a,  X*late  II.  fig.  I.,  and  are  thus  prepared  to  fall, 
whenever  the  rain  and  frost  lias  widened  the  longi- 
tudinal natural  fissures  in  the  limestone.  In  Plate  11. 
fig.  'i.,  the  mountain  at  ^,  which  had  the  arched 
stratification,  has  been  so  broken  as  to  present  a  steep 
escai-pment :  such  instances  arc  very  common  in 
Savoy.  The  present  state  of  Mont  Grenier,  south  of 
Chamberry,  and  the  vast  ruius  in  the  plain  below, 
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offer  a  striking  illustration  of  the  causes  which  are  in 
operation,  to  disintegrate  the  vast  calcareous  moun- 
tains of  Savoy.  The  following  description,  with  the 
cut,  is  taken  from  the  first  volume  of  my  Travels:  — 
"  A  part  of  Mont  Grenier  fell  down  in  the  year 
1248,  and  entirely  buried  five  parishes,  and  the  town 
and  church  of  St  Andr^.  The  ruins  spread  over  an 
extent  of  about  nine  square  miles,  and  are  called  les 
Abymes  de  Myans.  After  a  lapse  of  so  many  centuries, 
they  still  present  a  singular  scene  of  desolation.  The 
catastrophe  must  have  been  most  awful  when  seen 
from  the  vicinity;  for  Mont  Grenier  is  almost 
isolated,  advancing  into  a  broad  plain,  which  extends 
to  the  valley  of  the  Is^re.  It  is  several  miles  in 
length,  and  is  connected  with  the  mountains  of  the 
Grand  Chartreux,  but  it  is  y^ry  narrow.  Its  longi- 
tudinal direction  is  from  east  to  west:  near  the 
middle  it  makes  a  bend  towards  the  north,  fonning  a 
kind  of  bay  or  concavity  on  the  southern  side. 

**  Mont  Grenier  rises  very  abruptly  upwards  of 
4000  feet  above  the  plain.  It  is  capped  with  an  im- 
mense mass  of  limestone  strata,  not  less  than  600feet 
in  thickness,  which  presents  on  every  side  the  appear- 
ance of  a  wall.  The  strata  dip  gently  to  the  side 
which  fell  into  the  plain.  This  mass  of  limestone, 
rests  on  a  foundation  of  softer  strata,  probably  nio- 
lasse,  under  which  are  distinctly  seen  thin  strata, 
alternating  with  soft  strata.  The  annexed  cut  repre- 
sents the  east  wing  of  the  mountain,  and  a  small  part 
of  the  Abymes  de  Myans.  There  can  be  little  doubt 
that  the  catastrophe  was  caused  by  the  gradual 
erosion  of  the  soft  stratii,  which  undermined  the  mass 
of  limestone  above,  and  projected  it  into  the  plain. 
It  is  also  probable,  that  the  part  which  fell,  had  for 
some  time  been  nearly  detached  from  the  mountain 
by  a  shrinking  of  the  southern  side,  as  there  is  at 
present  a  rent  at  this  end,  upwards  of  2000  feet  deep, 
which  seems  to  have  cut  off  a  large  section  from  the 
eastern  end,  that  now 

<  Haiigs  in  doubtful  ruins  round  its  base/ 
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R8  if  prepared  to  renew  the  catastrophe  of  1948.       

Abymes  tie  Myails  are  hills,  or  rather  monticules,  of 
a  conical  sliape,  varying  in  height  from  twenty  to 
thirty  feet ;  they  cover  about  nine  square  miles :  the 
monticules  are  composed  of  fragments  of  calcareous 
strata,  some  of  which  nre  of  immense  size.  They 
consist  of  yellowish  oolitic  limestone,  strongly  re- 
sembling  the  lower  oolites  in  Gloucestershire ;  a  gray 
limestone,  harder  and  more  crystalline  than  Jias, 
which,  however,  it  may  probably  be  ;  and  a  thin  slaiy 
arenaceous  limestone,  much  resembling  Stonesfield 
slate.  Fragments  of  schistose  chert  were  interstra* 
tified  with  some  of  the  limestone. 

"  The  largest  masses  have  evidently  fallen  from 
the  upper  bed  of  limestone  by  which  Mont  Grenier  is 
capped.  The  velocity  they  would  acquire  by  falling 
from  80  great  a  height,  making  due  allowance  for  the 
resistance  of  tiie  atmosphere,  could  not  be  less  than 
300  feet  per  second ;  and  the  projectile  force  they 
gained  by  striking  against  the  base  of  the  mountain, 
or  agauist  each  other,  has  spread  them  iai-  into  tiie 
plain.  In  the  course  of  years,  the  rains  or  currents 
of  water  from  dissolving  snows,  have  furrowed  chan- 
nels between  the  larger  masses  of  stone,  and,  washing 
away  part  of  the  loose  earth,  have  left  the  immense 
number  of  detached  conical  hills  which  are  seen  at 
present.  So  deep  and  vast  was  the  mass  of  ruins 
that  covered  tlie  town  of  St.  Andr^  and  the  other 
parishes,  that  nothing  belonging  to  them  has  bi 
discovered,  except  a  small  bronze  statue." — Vi  ' 
p.  501.  _ 

A  part  of  a  mountain  near  Servos,  on  the  road  to. 
Chamouny,  fell  down  in  the  year  1751.  The  fall 
continued  for  many  days,  and  the  air  was  darkened 
with  immense  volumes  of  black  dust,  which  extended 
for  twenty  miles,  and  is  still  remembered  by  some  of 
the  oldest  inhabitants  of  Chamouny.  A  continued 
succession  of  reports,  like  those  of  cannon,  announced 
the  successive  falling  of  rocks,  day  and  night.  7'he 
mountain  did  not,  hke  that  of  Mont  Grenier,  ialLat 
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Oce,  for  it  is  composed  of  a  succession  of  beds  of 
limestone  resting  on  sandstone,  and  extremely  fragile 
schist,  which  are  even  now  yielding  to  the  constant 
action  of  rain.  A  deep  excavation,  which  I  observed 
under  a  precipice  of  limestone,  near  the  summit,  ap- 
peared in  1821  to  threaten  a  renewal  of  the  cata- 
strophe of  175]." 

In  the  Swiss  Alps,  the  great  ^boulements\  which 
have  destroyed  whole  villages,  have  been  caused  by 
the  sliding  down  of  highly  inclined  beds  of  loose 
conglomerates,  which  have  been  undermined  at  their 
bases.  Tiiis  will  be  better  understood  by  a  reference 
to  Plate  II.  fig.  'i.,  representing  the  section  of  a 
mountain  on  the  Alps:  the  beds  a  a  b  a  b  are  highly 
inclined ;  and  should  the  outer  bed  a  be  a  soft  sand- 
stone or  conglomerate,  the  action  of  water-courses 
or  heavy  rains  upon  its  foot  or  base  tends  to  destroy 
and  undermine  it,  and  the  whole  bed,  perhaps  several 
hundred  feet  in  thickness,  is  suddenly  precipitated 
into  the  valley.  In  ]8U6,  a  part  of  the  mountain  of 
Rosberg,  between  the  lakes  of  Zug  and  Laworts,  fell 
down  from  the  cause  here  mentioned,  and  buried  a 
considerable  part  of  the  valley,  and  several  of  the 
inhabitants. 

Where  the  soil  is  favourable  to  vegetation,  the 
debris,  or  ruins  from  the  fall  of  mountains,  become 
covered  with  vineyards  and  chestnut-trees;  of  which 
we  have  an  example  in  the  soil  that  covers  the  former 

•  In  an  Eesay  tar  la  CaTarth-t»  Zooloffi^Mf,  by  M.  Brongniart, 
published  in  I82'2,  he  has  given  a  section  of  this  mountain;  and 
fVom  the  fossils  in  the  upper  bed,  and  the  green  sand  intermixed, 
he  has  with  much  probability  clasxed  It  with  the  chalk  formation. 
The  lower  beds  of  the  mountain,  containing  ammonitee,  he  still 
classes  with  transition  rocks;  but  I  am  persuaded  that  these  lower 
beds  are  not  more  ancient  than  the  English  lias,  or  the  blue  beds 
of  the  magnesian  limestone  :  and  in  this  mountain,  (Montagne  de 
Fis,)  we  have  all  the  upper  secondary  strata  of  this  part  of  Savoy 
in  one  group. 

f  Tne  fait  of  parts  of  mountains  is  so  common  an  occurrence  in 
the  Alps,  that  it  is  expressively  culled  an  ibotUement,  from  the  verb 
effouUr.     In   Devonshire  and  Dorsetshire,  the  fall  of  the  cliffs  ia 
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Niinierous  blocks  of  stone  of  many  tons'  weight,  were 
brought  down  by  the  torrent,  and  scattered  over  a 
small  plain  at  the  mouth  of  the  lateral  valley,  along 
which  they  had  descendetL  These  blocks  were 
chiefly  quartz  rock,  intermixed  with  a  few  blocks  of 
mica  and  talc  slate. 

To  proceed  to  the  causes  which  are  in  the  present 
time  wearing  down  the  surface  of  islands  and  con- 
tincnts.  —  The  action  of  the  sea  upon  the  cliffs  in 
England,  proves  in  a  striking  manner  the  changes 
which  this  important  agent  can  effect  in  the  space  of 
a  few  centuries,  and  sometimes  in  a  few  years.  In 
Devonshire  and  Dorsetshire,  and  on  the  coasts  of 
Sussex,  Kent,  and  Suffolk,  the  sea  has  made  great 
encroachments  on  the  land  since,  the  time  of  the 
Norman  Conquest ;  as  may  be  proved  both  by  ancient 
records,  and  by  wliat  is  now  taking  place;  the  cHfls 
being  undermined  by  high  tides,  large  portions  of 
land  are  yearly  falling  into  the  sea. 

It  may,  however,  be  doubted,  whether  the  surface 
of  dry  land  is  not  gradually  increasing  on  the  whole 
globe.  The  depositions  from  the  sea  and  from  rivers 
are  filling  up  bays,  estuaries,  and  lakes:  all  broad  flat 
valleys,  and  almost  all  low  and  fertile  plains,  were 
once  covered  with  water.  On  the  eastern  side  of  our 
own  island,  though  the  land  is  wearing  away  in  some 
parts,  it  is  increasing  more  rapidly  in  others.  The 
flat  parts  of  Lincolnshire,  Carabritfgeshire,  and  Hoi- 
derness  in  Yorkshire,  have  been  gained  from  the  sea, 
or  from  rivers,  by  depositions  of  sand  and  mud  at  no 
very  remote  period ;  and  the  process  is  going  on 
daily.  In  many  parts,  the  sea,  during  high  tides,  is 
above  the  present  level  of  the  land,  and  is  kept  out 
by  embankments. 

In  Yorkshire,  the  proprietors  contrive  to  raise  the 
surface  of  the  ground,  by  what  is  called  •warping.  At 
the  highest  spring  tides,  they  open  sluices  in  the 
embankments,  and  cover  the  land  with  the  turbid 
sea-water,  which  remains  until  it  has  deposited  its 
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^^H  contents,  and  is  let  out  at  low  water.     The  quaiiB^^ 

^^H  of  earthy  matter  held  in  suspension  by  rivers  after 

^^H  heavy    rains    is  prodigiously  great      According  to 

^^H  Major   Rennell,    a   glass  of  water  taken    from  the 

^^H  Ganges  at  the  height  of  its  inundations,  yields  one 

^^H  iburth  sediment.     Mr.  Barrow  says,  in  his  account  of 

^^H  China,  that  the  quantity  of  mud  brought  down  by 

^^H  the  Yellow  River  was  found,  by  calculation  founded 

^^H  on  experiment,  to  exceed  two  million  solid  feet  per 

^^H  hour  i  and  that  some  miles  distant  from  the  sea,  the 

^^H  river  was  three  quarters  of  a  mile  broad,  and  was 

^^1  running  at  the  rate  of  seven  or  eight  miles  an  hour. 

^^H  A  great  part  of  the  enormous  mass  of  mud,  which  is 

^^B  perpetually  brought  down  by  the  Yellow  River,  is 

^^H  borne  by  strong  currents  from  the  Yellow  Sea  into 

^^M  the  Guff  of  Petchelee,   where  the  stillness  of  the 

^^H  water  allows  it  to  subside.     Into  the  same  gulf  the 

^^1  river  of  Peking  discharges  itself;  and  Mr.  Barrow 

^^M  observes,  that  a  great  part  of  the  land  adjoining  this 

^^H  gulf  has  apparently  been  formed,  by  the  sand  and 

^^M  mud  brought  into  it;  for  the  tide  flows  Inland  one 

^^1  hundred  and  ten  miles,  and  often  Inundates  the  whole 

^^H  country,  the  general  level  of  which  is  not  more  than 

^^B  two  feet  above  the  level  of  the  river:  indeed,  the 

^^  deepest  part  of  the  great  gulf  of  Petchelee  does  not 
exceed  twelve  fathoms;  and  the  prodigious  number 
of  sandy  islands  just  appearing  above  the  surface,  are 

^^_  said  to  have  been  tbrmed  within  the  records  of  history. 

^^m  — Barrow's  China,  p.  492.    From  the  above  account, 

^^P  there  is  every  probability  that  this  wide  gulf  will  soon 

^^  be  filled  up  by  alluvial  and  marine  depositions.  The 
Gulf  of  Mexico,  according  to  Humboldt,  is  gradually 
filling  by  the  sand  brought  into  it  from  the  Caribbean 

^^_  Sea  on  the  south  side,  and  from  the  vast  rivers,  the 

^^h  Rio  del  Norte  and  the  Mississippi. 
^^H  From  several  sources  of  information  referred  to  in 

f^^  the  "AsiaticResearche3,"and  from  the  best  accountsof 
the  Portuguese,  who  first  visited  India,  there  is  much 
reason  to  believe,  that  the  whole  country  of  Malabaij 

^^_  between  the  Gaut  Mountains  and  the  sea,  has  becQ^^^ 
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dry  land  at  no  very  remote  period.  Numerous  tradi- 
tioiis  refer  to  it.  There  is  an  ancient  book  called 
'*  Kerul  Oofpiette,"  or  the  emerging  of  the  country  of 
Kerul,  or  Malabar.  The  book  was  translated  by 
Jonathan  Duncan,  Esq.  In  this  account,  the  form- 
ation of  the  land  is  ascribed  to  supernatural  agency ; 
but  it  contains  many  statements  that  appear  highly 
probable.  It  was  soon  inhabited,  on  account  of  the 
iertiUty  of  the  ground;  but  the  inhabitants  were  at 
first  driven  away  by  the  multitude  of  serpents,  which 
abounded  in  the  mud  and  slime  of  the  newly  emerged 
country.  In  a  manuscript  account  of  Malabar,  as- 
cribed to  the  Bishop  of  Virapli,  the  seat  of  a  cele- 
brated Roman  Catholic  seminary,  the  writer  observes, 
that,  by  the  accounts  of  the  learned  natives  of  that 
coast,  it  is  little  more  than  2300  years  since  the  sea 
came  up  to  the  foot  of  the  Jukeni  or  Gaut  Moun- 
tains ;  and  this  he  thinks  extremely  probable,  from 
the  nature  of  the  soil,  and  the  quantity  of  sand,  oyster 
shells,  and  otiier  fragments,  met  with  on  making  ex- 
cavations. It  is  not  unreasonable  to  believe  that  the 
whole  coast  was  elevated  by  subterranean  agency;  for 
so  recently  as  1805,  the  bed  of  part  of  the  sea  and 
of  the  Indus,  was  permanently  changed  by  an  earth- 
quake, near  Cutch,  on  the  coast  of  Bombay. 
^  The  increase  of  land  at  the  mouth  of  the  Nile,  and 
, ^f  many  European  rivers,  is  well  known.  Adria, 
•which  was  once  a  port  of  the  Adriatic  Sea  (to  which 
it  gave  its  name),  is  now  six  leagues  inland.  In 
lakes,  the  diminution  of  the  surfiice,  by  the  gradual 
increase  of  land  at  the  mouths  of  rivers  wliicb  flow 
into  them,  is  still  more  remarkable.  The  mud  and 
debris  brought  into  the  lake  of  Geneva  by  the  Rhone, 
and  deposited  near  its  entrance,  has  made  the  land 
advance  two  miles  in  the  space  of  I7OO  years,  —  the 
Roman  harbour  Portus  Valesise  being  now  that  dis- 
tance from  the  lake.  All  the  lakes  in  Savoy  and 
^.Switzerland,  and  in  our  own  island,  are  gradually 
i^dimiuishing  by  similar  causes.  To  multiply  instances 
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For  the  formation  of  productive  soils,  an  intermixture 
of  the  three  earths — clay.sand,  and  lime — is  absolutely 
necessary.  The  oxide  of  iron  appears  also  to  be  a 
requisite  ingredient.  The  pro|H)rtion  necessary  for 
the  formation  of  good  soil,  depends  much  on  the 
nature  of  the  climate,  but  more  on  the  quality  of  the 
sub-soil,  and  its  power  of  retaining  or  absorbing 
moisture.  This  alone  may  make  a  soil  barren,  which 
upon  a  difi'erent  sub-soil  would  be  exceedingly  pro- 
ductive.  When  tliis  is  the  case,  drainage  or  irrigation 
oflers  the  only  means  of  permanent  improvement. 

Different  vegetables  also  require  different  admix^ 

tures  of  earth.     They  require  it,  first,  because  it  is 

,  necessary  to   their  growth  tliat  the  soil  should   be 

sufficiently  stiff  and  deep  to  keep  them  firm  in  their 

place ;  and  also  that  it  should  not  be  too  stiff  to 

Ermit  the  expansion  and  growth  of  their  roots;  and, 
illy,  that  it  should  supply  them  with  a  constant 
quantity  of  water,  neither  too  abundant  nor  deficient. 
Hence  wc  may  learn  why  different  degrees  of  tenacity, 
depth,  and  power  of  retaining  or  absorbing  moisture^ 
are  required  in  soils  for  different  kinds  of  plants. 
Thus,  in  uncultivated  countries,  we  find  that  certaia 
vegetables  affect  particular  situations  in  which  they 
flourish  spontaneously  and  exclusively  ;  and  it  is  only 
by  imitating  nature,  and  profiting  by  the  instruction 
she  affords,  that  we  can  hope  to  obtain  advantageous 
results,  or  acquire  certain  fixed  principleH,  to  guide  us 
in  our  attempts  to  bring  barren  lands  into  a  state  of 
profitable  cultivation.  When  rocks  contain  in  their 
composition  a  due  proportion  of  silex,  clay,  and  lime, 
they  furnish  soils  whose  fertility  may  be  said  to  be 
permanent.  The  most  fertile  districts  in  England 
were  made  so  by  nature  ;  their  original  fertility  was 
independent  of  human  operation. 

Some  small  portion  of  the  earths  and  alkalies  is 
found  by  chemical  analysis  in  plants :  but  it  would 
be  contrary  to  fact  and  analogy,  to  sujjpose  that  the 
earths,  in  a  concrete  state,  form  any  part  of  the  food 
of  plants :  the  earths  and  alkalies  which  they  cootaiov 
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are  in  all  probability  formed  by  the  process  of  veger 
tation,  from  more  simple  elements ;  for  it  is  now  as- 
certained, that  the  earths  and  alkalies  are  compound 
substances. 

The  principal  elements  found  in  plants  are  hydro- 

fen,  carbon,  and  oxygen  ;  and  by  experiments  of  Gay 
lussac  and  Thenard*,  it  appears  that  the  hydrogen 
and  oxygen  in  starch,  gum,  vegetable  oils,  and  sugar, 
exist  in  precisely  the  same  proportions  that  form  water. 
Carbon,  the  other  principal  elementary  substance 
found  in  plants,  exists  both  in  water  and  in  the  atmo- 
sphere. Water  and  the  atmosphere  contain  in  them- 
selves^ or  in  solution,  all  the  elements  necessary  for 
the  support  and  growth  of  vegetables.  But  most 
soils  are  either  too  wet  or  too  dry,  too  loose  or  too 
adhesive,  to  admit  plants  to  extract  these  elements, 
in  the  proportions  necessary  for  their  growth.  Ma- 
nures supply  this  deficiency,  by  furnishing  in  great 
abundance  the  hydrogen,  carbon,  or  azote,  wtuch 
they  may  require.  In  proportion  as  soils  possess^ 
due  degree  of  tenacity,  and  power  of  retaining  or 
absorbing  heat  and  moisture,  the  necessity  for  a  sup- 
ply of  manure  is  diminished ;  and  in  some  instances 
the  earths  are  so  fortunately  combined,  as  to  render 
all  supply  of  artificial  manure  unnecessary.  He  who 
possesses  on  his  estate  the  three  earths,  —  clay,  sand, 
and  lime,  —  of  a  good  quality,  with  facilities  for 
drainage  or  irrigation,  has  all  the  materials  for  per- 
manent improvement ;  the  grand  desiderata  in  agri- 
culture being  to  render  wet  lands  dry,  to  supply  dry 
lands  with  sufficient  moisture,  to  make  adhesive  soils 
loose,  and  loose  soils  sufficiently  adhesive. 

The  intermixture  of  soils,  where  one  kind  of  earth 
is  either  redundant  or  deficient,  is  practised  in  some 
countries  with  great  advantage.  Part  of  Lancashire 
is  situated  on  the  red-sandstone  described  in  the 
sixth  chapter.  This  rock,  being  principally  composed 
of  siliceous  earth  and  the  oxide  of  iron,  forms  of 

*  Recherchcs  Physico-Chimiques. 
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itself  very  miproductive  land:  but,  fortunately,  in 
many  situations,  it  contains  detached  beds  of  calcare- 
ous marl  near  the  surface.  By  an  intermixture  of 
this  marl  with  the  soil,  it  is  converted  into  fertile 
land,  and  the  necessity  for  manure  is  superseded. 
The  eifeet  of  a  good  marl  applied  liberally  to  this 
land,  lasts  for  more  than  twenty  years.  In  some  lands, 
a  mixture  of  light  marl  which  contains  scarcely  a 
trace  of  calcareous  earth,  is  found  of  great  service. 
The  good  effect  of  this  appears  to  depend  on  its 
giving  to  the  sandy  soil  a  sufficient  degree  of  tenacity. 
The  sterile  and  gravelly  soils  in  Wiltshire  have  been 
recently  rendered  productive,  by  mixing  them  with 
chalk  ;  the  most  liberal  application  of  manure  having 
been  found  ineffective,  or  injurious.  In  stiff  clay 
soils,  where  lime  is  at  a  great  distance,  the  land 
might  frequently  be  improved  by  an  intermixture 
with  siliceous  sand.  A  proper  knowledge  of  the 
quality  of  the  sub-soil,  and  the  position  of  the  sub- 
strata, is  necessary  to  ascertain  the  capability  of  im- 
provement  which  land  may  possess.  It  may  frequently 
happen,  that  a  valuable  stratum  of  marl  or  stone, 
which  lies  at  a  great  deptii  in  one  situation,  may  rise 
near  the  surface  in  an  adjoining  ])art  of  the  estate, 
and  might  be  procured  with  little  expense. 

Lime  is  the  only  earth  which  has  been  generally 
used  to  intermix  with  soils,  and  has  been  considered 
as  a  manure ;  but  its  operation  as  such  is  very  im- 
perfectly understood.  Burnt  lime,  when  caustic, 
destroys  undecomposed  vegetable  matter,  and  re- 
duces it  to  mould,  —  so  far  its  use  is  intelligible.  It 
combines  also  with  vegetable  or  mineral  acids  in  the 
soil,  which  might  be  injurious  to  vegetation,  ■ —  here 
its  operation  is  likewise  intelligible:  but  if  we  assert, 
that  when  burnt  lime  has  absorbed  carbonic  acid  and 
become  mild,  it  gives  out  its  carbon  again  to  the 
roots  of  plants,  we  assume  a  fact,  which  we  have 
neither  experiments  nor  analogies  to  support.  The 
utility  of  lime  in  decomposing  vegetable  matter  and 
neutralising  acids  is  obvious:  but  its  other  uses  ar^ 
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not  so  evident;  except  we  admit  that  it  acts  me- 
clinically  on  the  soil,  and  renders  the  clay  or  sand 
with  which  it  is  intermixed,  better  suited  to  the  proper 
expansion  of  the  roots,  and  more  disposed  to  modify 
the  power  of  retaining  or  absorbing  the  requisite 
d^ree  of  heat  and  moisture,  which  particular  vege- 
tables may  demand. 

Where  earths  are  properly  intermixed,  instances  arc 
known  of  land  producing  a  succession  of  good  crops 
for  many  years,  without  fallowing  or  manure.  On 
the  summit  of  Breedon  Hill,  in  Leicestershire,  I  have 
seen  a  luxuriant  crop  of  barley  growing  on  land,  that 
had  borne  a  succession  of  twenty  preceding  crops 
without  manuring.  This  is  more  deserving  notice, 
being  in  an  exposed  and  elevated  situation,  and  upon 
the  very  hill  of  magnesian  limestone,  which  has  been 
so  frequently  referred  to  by  chemical  writers,  as  pecu* 
liarly  unfavourable  to-  vegetation.  The  limestone  of 
this  hill  contains  above  20  per  cent,  of  magnesia.  ♦ 

The  temperature  requisite  for  the  growth  of  plants' 
is  influenced  by  the  power  of  different  soils  to  absorb 
and  retain  heat  from  the  solar  rays,  which  depends 
much  on  their  moisture  and  tenacity.  "  It  is  a  well 
known  fact,  that  the  vegetation  of  perennial  grasses  in 
the  spring,  is  at  least  a  fortnight  sooner  on  limestone 
and  sandy  soils,  if  not  extremely  barren,  than  on 
clayey  or  even  in  deep  rich  soils :  it  is  equally  true, 
but  perhaps  not  so  well  known,  that  the  difference  is 
more  than  reversed  in  the  autumn.'*  —  Observatiom 
on  MildeWy  by  J.  Egremonty  Esq.  This  effect  Mr.  E. 
ascribes,  with  much  probability,  to  the  rich  or  clayey 
soils  absorbing  heat  slowly,  and  parting  with  it  again 
more  reluctantly  than  the  calcareous  soils,  owing  to 
the  greater  quantity  of  moisture  in  the  clay,  which  is 
an  imperfect  conductor  of  heat 

*  The  magnesian  lime  acts  more  powerfully  in  destroying  unde- 
composed  vegetable  matter  than  common  lime,  and  its  effects  on 
land  are  more  durable:  hence  it  is  in  reality  of  greater  falua  in 
agriculture,  as  a  muclt  smaller  quantity  will  answer  the  same 
purpose. 
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Calcareous  soils  might  frequently  be  much  iin> 
proved  by  a  mixture  of  clay,  sand,  or  gravel,  which, 
in  many  situations,  is  practicable  with  little  expense, 
and  would  well  reward  the  labour  of  the  experimental 
agriculturist. 

Calcareous  Tufa.  —  Beside  the  new  land  formed 
by  alluvial  depositions,  beds  of  calcareous  tufa  are 
sometimes  formed  in  valleys,  and  at  the  bottom  of 
lakes,  by  a  process  which  bears  some  analogy  to 
chemical  formations.  Springs  containing  carbonic 
acid,  that  issue  from  limestone  strata,  contain  particles 
of  carbonate  of  lime  chemically  dissolved  in  the  water  ; 
but  on  exposure  to  air  and  light,  the  carbonic  acid, 
which  had  but  a  slight  affinity  for  the  particles  of 
limestone,  separates,  and  the  particles  of  lime  are 
precipitated  and  form  calcareous  incrustations :  these 
in  a  course  of  years  form  thick  beds,  and  are  some- 
times sufficiently  hard  to  be  used  for  building-stone. 
The  Rock  Mill,  near  Stroud,  in  Gloucestershire,  is 
built  of  this  stone.  In  almost  all  limestone  countries, 
there  are  instances  of  calcareous  incrustations  formed 
in  springs,  which  have  received  the  name  of  petrify- 
ing wells. 

Thermal  waters,  that  contain  calcareous  earth  in 
solution,  deposit  beds  of  tufa  very  rapidly.  Nearly 
the  whole  bottom  of  the  valley  at  Matlock  Baths,  in 
Derbyshire,  is  filled  with  calcareous  tufa,  tbrniing  a 
bed  not  less  than  filly  feet  in  thickness,  and  half  a 
mile  in  length.  It  contains  fragments  of  moss,  and 
some  land  shells.  The  horns  of  a  stag  were  found  in 
excavating  this  tufa ;  it  is  deposited  by  the  thermal 
springs,  that  every  where  gush  out  from  the  hill 
behind  the  baths.  Kxcept  the  depositions  from  ther- 
mal waters,  beds  of  calcareous  tufa  are  seldom  formed 
on  land,  of  any  considerable  magnitude ;  but  thermal 
waters  have  probably  been  important  agents,  in  the 
formation  of  many  of  the  secondary  strata  at  the 
bottom  of  the  ocean.     (See  Chap.  XV.) 

Mr.  Lyeii,  in  the  first  volume  of  his  *'  Princi_ 
of  Geoiogy,"   has    described   many   deposition* 
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counties,  into  valuable  land  covered  with  luxuriant 
herbage,  and  depastured  by  numerous  flocks.  The 
following  description  of  tlie  peat  moors  in  Scotland, 
bj  Mr.  Jameson,  is  an  accurate  picture  of  the  remain- 
ing peat  moors  in  the  mountainous  parts  of  Yorkshire, 
and  the  adjoining  counties;  — 

*'  In  describing  the  general  appearance  of  a  peat 
moor,  we  may  conceive  an  almost  entire  flat  of  several 
miles  extent,  of  a  brown  colourj  here  and  tliere 
marked  with  tufls  of  heather,  wiiich  have  taken  root, 
owing  to  the  more  complete  decomposition  of  the 
surface  peat  J  no  tree  or  shrub  is  to  be  seen;  not  a 
spot  of  grass  to  relieve  the  eye,  in  wandering  over 
this  dre;iry  scene.  A  nearer  examination  discovers* 
wet  spongy  surface,  passable  only  in  the  driest  seasons, 
or  when  all  nature  is  locked  in  frost.  The  surface  is 
frequently  covered  with  a  slimy  black-coloured  sub- 
stance, which  is  the  peat  earth  so  mixed  with  water,  as 
to  render  the  moor  only  passable,  by  leaping  from  one 
tuft  of  heather  to  another.  Sometimes,  however,  the 
surface  of  peat  mosses  has  a  different  aspect,  owing 
to  the  greater  abundance  of  heath  and  other  vegeta- 
bles, as  the  schceni,  scirpi,  eriophora,  &c. :  but  this 
is  principally  the  case  with  some  kinds  of  what  are 
called  muii'lands,  which  contain  but  little  peat,  being 
nearly  composed  of  the  interwoven  root-s  of  living 
vegetables.  Quick  moss  (as  it  is  called)  is  a  substance 
of  a  more  or  less  brown  colour,  forms  a  kneadable 
compound,  and  when  good,  cuts  freely  and  clean 
with  the  spade ;  but  when  it  resists  the  spade  by  a 
degree  of  elasticity,  it  is  found  to  be  less  compact 
when  dried,  and  is  of  an  inferior  quality.  The  best 
kinds  burn  with  a  clear  bright  flame,  leaving  light- 
coloured  ashes;  but  the  more  indifferent  kinds,  in 
burning,  oflen  emit  a  disagreeable  smell,  and  leave  a 
heavy  red-coloured  kind  of  ashes.  In  digging  the 
peat,  we  observe  that  when  first  taken  from  the  pit  it 
almost  immediately  changes  its  colour,  which  becomes 
more  or  less  a  deep  brown  or  black,  and  the  peat 
mattCT  becomes   much  altered,  being  incapable  of 
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forming  a  kneadable  paste  with  water.  When  dry 
and  reduced  to  powder,  as  it  is  often  by  the  acticmof 
the  weather,  it  forms  a  blackish  coloured  powdery 
matter,  capable  of  supporting  v^etation,  when  calca- 
reous earth  is  added. 

<<  Peat  is  found  in  various  situations,  often  in 
valleys  or  plains,  where  it  forms  very  extensive  deep 
beds,  from  three  to  forty  feet  deep,  as  those  in  Aber- 
deenshire :  it  also  occurs  upon  the  sides  of  mountBim, 
but  even  there  it  is  generally  in  a  horizontal  situation. 
The  tops  of  mountains,  upwards  of  two  thousand  feet 
high,  in  the  Highlands  of  Scotland,  are  covered  wiA 
peat  of  an  excellent  kind. 

<<  It  is  also  found  in  situations  nearly  upon  a  level 
with  the  sea :  thus,  the  great  moss  of  Cree  in  Gallo- 
way, lies  close  upon  the  sea,  on  a  bed  of  claj»  Iktie 
higher  than  the  flood  marks  at  spring  tides.''  ^ 

In  the  first  volume  of  Dr.  Macculloch's  valuaUe 
<<  History  of  the  Western  Islands  of  Scotland,''  he 
has  given  a  luminous  description  of  the  formation  of 
peat,  which  completes  the  natural  history  of  pett 
moss.  Beside  the  Sphagnum  palustre,  he  has  ean- 
rated  nearly  forty  plants  which  concur  to  the  gener* 
ation  of  peat 

The  process  by  which  these  vegetables  are  con- 
verted into  peat,  is  most  clearly  seen  in  the  sphagnum. 
As  the  lower  extremity  of  the  plant  dies»  the  upper 
sends  forth  fresh  roots  like  most  of  the  mosses,  the 
individual  thus  becoming  in  a  manner  immortal,  and 
supplying  a  perpetual  fund  of  decomposing  vegetable 
matter.  A  similar  process,  though  less  distinct, 
takes  place  in  many  of  the  rushes  and  grasses,  the 
ancient  roots  dying  together  with  the  outer  leaves^ 
while  an  annual  renovation  of  both,  perpetuates 
the  existence  of  the  plant  The  nowtn  of  peal^ 
necessarily  keeps  pace  with  that  of  the  vegetables 
from  which  it  is  formed;  hence  the  necessity  of 
replacing  the  living  turf  on  the  bog  where  peat  has 
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•  been  cut, — a  condition  now  required  in  all  leases, 
ill  which  liberty  to  cut  turf  is  included.  On  the 
conversion  of  vegetable  matter  into  peat  Dr.  Mac- 
culioch  observes:  — "  Where  the  living  plant  is  still 
in  contact  with  peat,  the  roots  of  the  rushes,  and 
ligneous  vegetables,  arc  found  vacillating  between 
life  and  death,  in  a  spongy  half  decomposed  tnass. 
LfOwcr  down,  the  pulverised  carbonaceous  matter  is 
seen  mixed  with  similar  tibres,  still  resisting  decom- 
position. These  gradually  disappear,  and  at  length  a 
finely  powdered  substance  alone  js  found,  the  process 
being  completed  by  tlie  total  destruction  of  alt  the 
organised  bodies."  —  P.  130.  The  best  peat  is  that 
of  which  the  decomposition  is  most  complete,  and 
the  specific  gravity  and  compactness  the  greatest. 
The  quality  of  peat,  Dr.  Macculloch  observes,  is  much 
afiected  by  the  wetness  or  dryness  of  the  soil,  and 
the  elevation  or  otiier  causes,  which  influence  the 
temperature  and  moisture  of  the  atmosphere. 

For  a  description  of  the  chemical  changes  produced 
in  peat  by  water  and  fire,  I  must  refer  to  the  first 
volume  of  Dr.  Macculloch's  work  before  quoted, 
p.  131.  It  is  only  in  the  first  stages  of  decomposition 
that  peat  is  soluble,  and  communicates  a  dark  colour 
to  water. 

The  rapid  formation  of  peat  in  many  situations, 
where  it  is  (bund  covering  ground  that  was  formerly 
pastured,  admits  of  an  easy  explanation,  since  Dr. 
Macculloch  has  so  clearly  described  the  mode  in 
which  this  substance  is  generated. 

The  property  possessed  by  peat  of  preserving 
animal  matter  li'om  putrefaction  is  well  deserving 
notice.  It  is  probably  owing  to  this,  that  some  of 
the  fleshy  parts  of  the  mastodon  have  been  so  long 
preserved  in  peat  bogs. 

In  the  PhUosoj)hical  Transactions,  1734,  there  is  a 
letter  from  Dr.  Balguy,  giving  an  account  of  the 
preservation  of  two  human  bodies  in  peat  for  filly-nine 
years.  "On  January  11-,  Ui7.5,  a  farmer  and  liis  maid- 
agrvanl  were  crossing  the  peat  moors  above  Hope, 
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near  Castletcm,  in  Derbyshire;  diejr  were  overtdceh 
by  a  great  faU  o£  snow,  and  both  perished:  their 
bodies  were  not  found  till  the  dd  of  May,  in  the  aamfc 
year ;  and  being  then  offensive,  the  coroner  offdeied 
them  to  be  buried  on  the  spot  in  the  peat.  They  \tj 
undisturbed  twenty*eight  yeara  and  nine  moiitiiii 
when  the  curiosity  of  some  countrymen  induced  them 
to  open  their  g^ves.  The  bodies  appeared  quits 
fresh,  the  skin  was  fair  and  of  its  natural  colour,  and 
the  flesh  as  sofl.as  that  of  persons  newly  dead.  The^ 
were  afterwards  frequently  exposed  as  curiosities  untd 
in  the  year  17 16,  when  they  were  buried  by  orddr  of 
tlie  man's  descendants.  At  that  time  Dr.  Bourne^  of 
Chesterfield,  who  examined  the  bodies,  says  the  man 
was  perfect,  his  beard  was  strong,  the  hair  of  hisbefi4 
was  short,  and  his  skin  hard  and  of  a  tanned  leadier 
colour,  like  the  liquor  he  was  lying  in.  The  body  of 
the  wotnan  was  more  injured,  having  been>-mo<e 
frequently  exposed ;  the  hair  was  like  that  of  a  '^nag 
person.  Mr.  Wormwald,  the  minister  of  itopei  ^"^ 
present  when  they  were  removed:  the  maiifs-Jegii 
which  had  never  before  been  uncovered,  were  quite 
fair  when  the  stockings  were  drawn  ofl^  and  thejointi 
played  freely  without  the  least  stifihess." 

In  the  beginning  of  the  last  century,  the  perfect 
body  of  a  man,  in  the  ancient  Saxon  costume,  was 
discovered  in  peat,  at  Hatfield  Chase,  in  Yorkshire: 
it  soon  perished  on  exposure  to  the  air. 

Extensive  tracts  of  cultivated  ground  are  some- 
times  converted  into  sandy  deserts,  by  the  drifting 
of  sea-sand  inland.  The  process  by  which  this  is 
effected,  is  taking  place,  at  present,  in  many  situations 
During  very  high  winds,  the  sand  is  driven  from  the 
sea-fihore  to  a  certain  distance,  leaving  an  elevated 
ridge  at  tlie  further  boundary  of  the  dnft.  Succeed- 
ing winds  blow  the  sand  forward,  and  at  the  same 
time  bring  fresh  sand  from  the  shore  to  supply  its 
place.  In  the  sixth  volume  of  the  Transaciions  if 
the  Irish  Academy^  an  account  is  given  of  the 
encroachment  of  the  sand,  over  some  parts  of  Ireland. 
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Trees,  houses,  and  even  TiHages,  hare  been  lun- 
roiinded  or  covered  with  sand,  during  the  last  century. 
In  the  vicinity  of  sandy  deserts,  the  sand  is  also 
encroaching  on  the  habitable  land.  The  loose  sands 
of  Libya  are  thus  spreading  over  the  valley  that 
borders  the  Nile,  and  burying  the  monuments  of  art 
and  the  vestiges  of  former  cultivation.  From  a  similar 
cause,  the  country  immediately  round  Palmyra,  that 
once  suppUed  a  crowded  population  witli  food,  now 
scarcely  affords  a  few  witliered  plants,  to  the  camel  of 
the  wandering  Arab. 

A  sandy  inundation  on  the  north  coast  of  Cornwall 
was  mentioned  Chap.  I.  p.  22.  This  sand,  which  U 
composed  of  fragments  of  shells  and  coral,  is  in  some 
parts  cemented  into  sandstone,  by  water  infiltrating 
from  the  slate-rocks :  it  is  similar  in  appearance  to 
the  recent  sandstone  of  Guadaloupe,  in  which  human 
skeletons  have  been  found :  the  latter  is  a  very  common 
sandstone  in  the  West  Indies;  it  increases  rapidly, 
and  the  bnd  gained  from  the  sea,  which  forms  some 
of  the  plains  of  St.  Domingo,  is  composed  of  it.  A 
concreted  calcareous  sandstone  extends  on  the  south- 
ern, western,  and  north  western  coast  of  Australasia, 
for  three  thousand  mites.  Some  specimens,  which  I 
examined  with  a  lens,  appear  perfectly  similar  to  the 
recent  sandstone  from  Guadaloupe. 

Among  the  causes  in  present  activity,  which  are 
changing  the  surface  of  the  globe,  the  labours  of 
madrepores  must  not  be  unnoticed.  These  minute 
polypi,  raue  up  walls  and  reefs  of  coral  rock  with 
astonishing  rapidity  in  tropical  climates,  and  encircle 
the  present  islands  with  belts  of  coral,  thus  enlarging 
their  coasts.  A  coral  reef  of  seven  hundred  miles  in 
length,  extends  from  the  north-west  of  Australasia, 
towards  new  Guinea.  For  a  detailed  account  of 
coral  rocks  and  reefs,  I  must  refer  the  reader  to  the 
observations  of  Dr.  Forster,  and  the  voyages  of 
Captain  Flinders,  and  of  Kotzebue,  and  of  the  French 
naturalists  MM.  Quoi  and  Gainiard,  but  more  par- 
liciUarly  to  the  observations  of  Captain  Beechy,  made 
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during   his  voyage   to  the  Soutliem 

subject  of  coral  reefs  has  been  before  referred  to  at 

some  length.     See  Chap.  VI. 

Organic  Remains  in  Dilvx'ial  Beds.  —  As  the  re- 
mains of  the  mastodon,  the  elcpliant,  the  rhinoceros, 
and  hippopotamus  occur  with  the  bones  of  other 
mammalia  in  diluvial  beds,  tliis  circumstance  proves 
their  great  antiquity,  and  distinguishes  them  from 
alluvial  depositions.  Teeth  of  the  latter  animals  arc 
not  uncommon  in  English  diluvium,  and  two  teetka' 
the  mastodon  have  been  found  in  the  Norfolk  C 

It  has  been  thought  desirable  to  give  drawing! 
the  teeth,  tor  the  use  of  the  geological  student. 


The  first  represents  the  pointed  tooth  of  the  i 
todon ;    the   other    the    flat   crowned    tooth    of 
elephant,  which  is  sometimes  larger  than  that  of  i 
mastodon. 

The  following  cut  represents  the  molar  tooth 
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the  riiiiioceros,  ff,  from  Kirkdale  cavern  ;  b  ia  the 
molar  tooth  of  the  hippopotamus,  much  worn,  froiu 
the  same  locality. 

The  fossil  elephant,  or  mammoth,  ia  the  most  re- 
markable of  the  ancient  herbivorous  quadrupeds,  both 
from  its  vast  size,  and  the  amaziiig  number  of  bones 
of  this  genus,  which  are  found  in  the  northern  parts 
of  Europe,  and  in  America.  The  mammoth  must 
have  existed  in  herds  of  hundreds  and  thousands. 
According  to  Pallas,  there  is  scarcely  a  river,  from 
the  Don  or  the  Tanais,  to  the  extremity  of  the  pro- 
montory Tchuskoinosa,  in  the  banks  oi  which  tlie 
bones  of  the  mammoth  are  not  abundiuit.  There 
are  two  large  islands  near  the  mouth  of  the  river 
Indigerska,  which  are  said  to  be  entirely  composed  of 
the  bones  of  the  mammoth,  intermixed  with  ice  and 
sand:  the  tusks  are  so  perlect,  that  they  are  dugout 
for  ivory.  With  the  bones  of  the  mammoth  are  in- 
termixed those  of  the  elk,  the  rhinoceros,  and  other 
large  quadrupeds.  The  body  of  a  fossil  elephant  lias 
been  found  entire,  with  the  flesh  preserved,  buried  in 
ice:  it  had  a  mane  along  its  back,  and  was  covered 
witii  coarse  red  wool,  protected  by  hair  of  a  coarser 
kind,  indicating  that  it  was  an  inhabitant  of  cold  or 
temperate  clijiiatesj  indeed,  the  circumstance  of  the 
body  being  preserved  in  ice,  is  a  further  proof  of 
this ;  lor  had  it  been  conveyed  from  distant  regions, 
tlie  flesh  must  have  been  speedily  decomposed,  be- 
fore it  could  have  been  enveloped  in  ice.  The 
height  of"  tliis  animal  was  from  fifteen  to  eighteen 
feet.  Bones  and  teeth  of  the  mammoth  are  not  un- 
frequently  found  in  England  in  beds  of  diluvial  gravel 
and  clay,  and  in  caverns :  they  are  chiefly  found  in 
low  situations,  such  as  the  vale  of  the  Thames,  and 
the  vale  of  the  Severn.  The  mammoth  bears  a  near 
resemblauce  to  the  Indian  elephant,  but  Cuvier  re- 
gards it  as  a  distinct  species. 

'I'he  rhinoceros,  of"  which  there  are  three  large 
species,  and  one  smaller,  appears  to  have  lived  with 
the  ibssil  elephant :  their  bones  are  found  together ; 
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but  it  if)  inSibette  (hat  l!be  bones  of  the  rtombccnB 
ate  most  i^timerdtia,  afid  best  prMerved.  In  the  jear 
1771,  the  entire  body  of  one  of  these  animals^  was 
found  in  the  frozen  sands  of  that  country. 

Bones  and  teeth  of  the  hippopotamus  are  found 
both  in  England,  France,  Germany,  and  Italy :  there 
^are  two  species,  the  largest  resembles  the  African 
hippopotamus,  the  smaller  is  the  size  of  the  wild 
boar.  Bones  and  teeth  of  the  large  animal,  called  the 
mastodon,  are  found  both  in  Europe  and  America. 
The  great  mastodon  had  pointed  grinders ;  it  was  a 
native  of  North  America,  and  equalled  in  size  the 
elephant,  which,  in  many  particulars,  it  resembled. 
Entire  skeletons  of  the  mastodon  have  been  found  in 
salt  marshes;  but  what  is  more  extraordinary,  parts 
of  the  flesh  and  the  stomach  have  been  found  with 
them.  Among  the  vegetable  substances  in  the  8t«>- 
mach,  were  distinguished  the  remains  of  some  plants 
known  in  Virginia.  The  Indians  believe  that  this 
animal  is  still  living  north  of  the  Missouri,  and  CUe 
above  circumstances  render  it  probable,  that  this 
species  of  mastodon  has  not  been  long  extinct.  Bones 
of  other  species  of  the  mastodon  are  found  in  Europe 
and  South  America ;  these  are  probably  more  ancient 
Teeth  of  a  gigantic  species  of  tapir,  equal  in  size  to 
the  rhinoceros,  have  been  found  in  France  and  Ger- 
many*: the  bones  of  horses  are  also  found  in  great 
abundance,  with  the  bones  of  the  above-mentioned 
animals.  Bones  and  horns  of  the  elk,  the  stag,  and 
of  various  species  of  deer,  and  of  oxen,  some  of 
which  closely  resemble  existing  species,  are  often  in- 
termixed with  the  bones  of  elephants,  and  other 
ancient  animals.   With  these  animal  remains,  are  also 

*  The  most  perfect  tooth  of  thU  animal,  which  is  at  present 

known,  wa9  found  near  Grenoble ;  the  enamel  is  as  fresh  as  that  of 

a  recent  tooth.     This  tooth,  of  which  there  are  models  Hn  the 

principal  museums  in  Europe,  is  in  the  author's  collection  :  it  was 

'  piartliBScd  by  him,  at  the  sale  of  the  late  M.  Faujas  Su  Fond,  to- 

vlteUierwith  the  tooth  of  a  South  American  mastodon,  found  in  the 

'«f9^faQ0  of  Imbabura  in  the  Cordilleras,  and  the  tooth  of  a  European 

mstodod,  found  with  that  of  the  gigantic  tapir,  near  Grenoble. 
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found  the  hones  of  caroivorous  animals  of  the  size.qf 
the  lion,  the  tiger,  and  the  hyena ;  the  bones  of  bears 
are  uumerous,  particularly  in  caverns. 

The  number  of  bones  belonging  both  to  the  order 
of  pachydermata,  and  of  ruminant  and  carnivoroua 
quadnipcds,  is  so  great  in  various  parts  of  liurop(^  as 
to  leave  no  doubt  that  the  animals  were  inhabitants 
of  northern  or  temperate  climates.  In  America  have 
been  found  the  bones  of  two  large  animals,  of  extra- 
ordinary form.  The  megatiierium  is  the  size  of  tlie 
rhinoceros ;  it  unites  part  of  the  structure  of  the 
armadillo  witli  that  of  the  sloth ;  its  clawa  are  of  vast 
length  and  size.  The  megalonix  was  nearly  siuiilat 
in  tbrm,  but  smaller. 

Bones  of  the  camel  have  been  occasionally  fouDd 
in  some  parts  of  Europe,  but  they  are  of  rare  oc- 
currence. For  a  knowledge  of  nearly  all  the  above 
species  of  fossil  mammiferous  quadrupeds,  we  are 
indebted  to  the  researches  of  Cuvier.  "  Their 
bones,"  be  observes,  *'  are  found  in  that  mass  of 
earth,  sand,  and  mud,  that  diluvium  which  covers 
our  large  plains,  HUs  our  caverns,  and  chokes  up 
the  fissures  in  many  of  our  rocks.  They  jncon- 
testabiy  tbrmed  the  population  of  the  continents,  at 
the  epoch  of  the  great  catastrophe  which  has  de- 
stroyed tiieir  races,  and  has  prepared  the  soil  on 
which  the  animals  of  the  present  day  subsist.  What- 
ever resemblance  certain  of  these  species  beai"  to  those 
of  existing  species,  the  general  mass  of  this  population 
had  a  different  character ;  the  greater  part  of  the 
races  which  composed  it  have  been  utterly  destroyed. 
Among  all  these  mammiferous  animals,  the  greater 
number  of  which  have  their  congeners  living  at  the 
present  day,  there  has  not  been  found  a  single  bone 
or  tooth  of  any  species  of  ape  or  monkey.  Nor  is 
tliere  any  trace  of  man  :  all  the  human  bones  which 
have  been  found,  along  with  those  of  which  we  have 
been  speaking,  have  occurred  accidentally;  and  their 
number  besides  is  exceedingly  small,  which  assuredly 
woDl4,uot  have  been  tlie  case,  \i'  men    had   been 
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mense  number  of  elephants,  which  have  foniicrly 
spread  over  all  the  valleys  bordering  the  Frozen 
Ocean.  Were  we  to  admit  that  the  temperature  of 
the  earth  was  then  higher  than  at  present,  which  the 
remains  of  palms  and  other  tropical  plants  fotrnd  in 
northern  latitudes  render  highly  probable,  this  would 
not  remove  the  difficulty ;  for  the  fact  that  entire 
bodies  of  elephants  have  been  preser^'ed  in  ice,  and 
that  their  skins  were  covered  with  a  thick  coat  of 
wool  and  hair,  proves  that  these  animals  were  con- 
stituted for  living  in  cold  climates,  and  that  their 
remains  have  not  been  transported  to  any  great 
distance  from  the  countries  which  they  inhabitetl.* 

The  remains  of  these  large  quadrupeds  occur  in 
different  states  of  preservation.  In  the  frozen  regions 
of  the  north  the  ivory  of  the  tusks  is  perfect.  In 
beds  of  clay,  the  bones  and  teeth  are  frequently  im- 
pregnated with  mineral  matter;  but  in  gravel  they 
are  generally  in  a  loose  or  friable  state,  or  at  least 
they  soon  become  so,  after  exposure  to  the  air.  In 
the  Phil.  Journal  of  Edinburgh,  January,  1828,  an 
account  is  given  of  numerous  bones  of  the  mastodon, 
rhinoceros,  and  other  animals,  having  been  found  on 
the  surface  of  the  ground,  near  Irrawady  River,  in 
Ava.  These  bones,  though  exposed  to  the  atmo- 
sphere, are  stated  to  be  extremely  hard  ;  they  were 
mixed  with  silicitied  wood,  in  a  deposition  of  sand  or 
gravel.  With  the  remains  of  the  broad-toothed 
mastodon,  were  also  found  teeth  of  a  new  species  of 
mastodon  of  enormous  size,  which  appears  to  be  in- 
termediate in  form,  between  that  of  the  elephant  and 
of  the  mastodon  ;  it  has  hence  received  the  name  of 
Tnastodon  elephantoidcs.  Specimens  of  these  teeth 
are  in  the  museum  of  the  Geological  Society,  in 
London. 

*  A  friend  has  sugecstcd,  that  the  Siberian  elephantB  were 
probably  migratory,  and  passed  the  winter  months  in  more  tern- 
pcrate  latitiidce.  If  this  were  the  case,  individualfl  that  from  lame, 
iiess  or  disease  were  unable  lo  travel,  may  have  been  incrustcd 
with  ice  immcdiatdy  after  death. 
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CHAR  XXII. 

ON   THE   ELEVATION   OF  MOUNTAINS  AND 

CONTINENTS. 

The  Eleratioii  of  the  Beds  of  Granite  and  Slate  in  Engk&d 
proved  by  the  Author,  in  1823,  to  have  taken  place  at  a  nnch 
earlier  Epoch,  than  the  Elevation  of  the  Granite  of  Mont  Blaac 
—  The  I^cts  on  which  this  Conclusion  was  founded  deacribed 
and  explained.  —  Application  of  simQar  Conclusions  to  other 
Mountain  Ranges  by  M.  Elie  de  Beaumont.  —  The  Elevation  of 
RodcB  of  Granite  and  Slate,  proved  to  have  taken  place  by  a 
distinct  Operation  from  that  which  upheaved  Continents  from 
the  Ocean,  and  at  a  different  Epoch.  —  Elevation  of  the  Moun- 
tains and  Table  Land  in  Central  Asia.  —  Depression  of  i(ie 
Surface  round  the  Caspian  Sea.  —  Instances  or  the  Elevatito 
and  S\d>mergence  of  the  Earth's  Sur&ce  m  vanoos  Fkrts  of  die 
Globe. 

That  granite,  or  some  modification  of  granitey  forms 
the  foundation  rock  of  the  present  continents,  is  ad- 
mitted by  geologists.  It  is  also  ascertained,  that 
specimens  of  granite,  gneiss,  and  mica-slate,  from  the 
most  distant  parts  of  the  globe,  appear  to  be  identical. 
It  is,  therefore,  probable  that  the  crust  of  granite 
which  environs  the  globe,  was  all  formed  or  consoli- 
dated at  the  same  epoch,  though  local  protrusions  of 
granite  have  taken  place  at  much  later  epochs. 

If  granite  be  the  lowest  and  most  extensive  form- 
ation of  known  rocks,  yet,  in  many  countries^  it  is 
raised  in  immense  ridges,  forming  the  basis  of  rnoun* 
tain  ranges :  sometimes  the  beds  of  granite  are  nearly 
vertical,  and  constitutes  the  summit  as  well  aa  the 
central  base  of  mountains.  An  enquiry  suggests  itself; 
was  the  elevation  of  these  mountain  ranges  co-tempo- 
raneous  in  different  countries?  The  followers  of 
Werner  maintained,  that  granite  mountains  were 
crystalline  masses,  precipitated  in  a  universal  ocean 
impregnated  with  mineral  matter;  and  that  their 
ovation  was  coeval  witli  their  origin.     In  the  year 
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1819,  M.  Daubuiason,  who  was  regarJcd  by  the 
PVench  as  an  oracle  in  G<*ognosie,  published  his 
Traiti  de  Gdogyiosie,  in  which,  following  the  steps 
of  Werner  on  most  points,  he  asserted,  that  the 
granite  of  the  Alps  attained  its  present  elevation  soon 
after  the  epoch  of  Its  fomiation.  In  tlie  years  1820, 
1821,  and  182-2,  I  had  frequent  opportunities  of  as- 
fCertaining  the  error  of  tins  opinion ;  and  that  the 
'beds  of  granite  were  not  elevated,  tiJI  after  the  de- 
■position  of  the  calcareous  beds  that  rest  npon  them. 
I'farther  ascertained,  that  many  of  these  calcareous 
iPeds  were  identical  with  the  upper  secondary  strata 
(in  England ;  hence  it  followed,  that  the  granite  beds 
^  the  Alps  were  not  elevated  till  a  late  geological 
■^och,  after  the  deposition  of  the  oolites  and  chalk. 
This  discovery  I  published  in  1823,  in  my  Travels  in 
tlioTarentaise,  vol.ii.  pp.17. 18;  and  I  there  distinctly 
stated,  that  ihe  elei'ation  of  the  granite  of  the  Alps, 
■was  more  rccetU,  than  the  elevation  of  the  beds  of  granule 
and  slate  in  England.  Neither  the  importance  of  the 
discovery,  nor  its  now  generally  admitted  truth,  have 
obtained  for  it  the  attention  which  I  think  it  was 
justly  entitled  to,  and  which  it  would  certainly  have 
received,  had  it  been  announced  by  any  tyro  in 
geolc^y,  either  in  France  or  Germany.  At  pages 9*25. 
and  9HA-.,  of  the  present  volume,  will  be  found  a  brief 
account  of  this  discovery,  which  was  also  republished 
in  the  3d  edition  of  this  work  ;  but  it  may  be  proper 
to  give  a  more  full  reference  to  the  sections  by  which 
the  discovery  was  illustrated,  as  they  serve,  not  only 
to  explain  from  what  data  the  relative  age  of  the 
elevation  of  difierent  mountain  chains  may  be  ascer- 
tained, but  to  show  that  M.  Elie  de  Beaumont  has 
been  guided  by  exactly  the  same  data,  in  forming  his 
recent  conclusions  respecting  the  ages  of  mountain 
chains  in  various  parts  of  Europe.  See  Plate  II. 
fig.  2. :  rf,  d,  d,  represent  the  highly  inclined  beds  of 
granite  and  primary  rocks  of  Mont  Blanc  :  the  dotted 
lines  represent  the  supposed  extent  of  the  beds  before 
they  were  broken  down  by  causes  that  are  inces- 
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santly  wearing  them  away,  as  described  in  the  pie- 
ceding  chapter :  c c,  aie  elevated  beds  of  soft  slate, 
which  have  undergone  more  disintegration  than  the 
harder  beds  of  granite :  it  is  in  these  depressions, 
called  cols,  that  the  passages  over  the  Alps  are  gaie- 
rally  situated. 

The  beds  ba,  baa,  are  composed  of  the  secondary 
formations,  from  magnesian  limestone,  to  the  green 
sand  of  the  chalk  formation.  Now,  as  all  these  beds 
rise  at  nearly  the  same  angle  of  elevation  as  the  grsr 
nite,  it  is  evident  that  they  were  elevated  at  the  same 
epoch,  which  must  have  been  subsequent  to  the  de- 
position and  consolidation  of  all  the  secondary  beds 
from  a  a  to  b,  that  rise  up  with  the  granite,  and 
tlierefore  the  elevation  of  the  granite  of  Mont  Blaoc^ 
was  posterior  to  the  secondary  epoch.  Plate  IL  fig.  i. 
shows  a  section  of  the  low  granitic  and  slate  rocks  of 
Charnwood  Forest,  Leicestershire,  considerably  ele- 
vated b  Cy  c  b.  On  the  top  of  the  elevated  beds  c  c, 
there  are  a  series  of  nearly  horizontal  beds  of  the 
upper  new  red  sandstone  described  in  Chapter  XL 
Now  as  these  beds  of  new  red  sandstone  are  of  tbe 
same  age  as  the  lower  secondary  beds  b  6,  in  fig.  2., 
and  were  obviously  deposited,  after  tlie  beds  irf" 
granite  and  slate  rock  were  elevated,  it  is  obvious 
that  this  elevation  took  place  prior  to  the  secondary 
epoch,  and  therefore  long  before  the  elevation  of  the 
granite  beds  of  Mont  Blanc.  The  new  red  sandstone 
not  only  fills  up  depressions  in  the  rocks  of  slate  and 
granite  at  Charnwood  Forest,  but  also  fills  some  of 
the  valleys  at  their  feet 

If  we  admit,  what  few  geologists  will  deny,  that 
the  same  secondary  formations  in  difierent  European 
countries  were  cotemporaneous,  it  cannot  be  con- 
troverted, that  the  elevation  of  the  slate  rocks  and 
granite  in  Charnwood  Forest,  was  long  prior  to  the 
elevation  of  the  granite  of  Mont  Blanc.  This  is  but 
repeating  what  I  published  in  1823 :  —  a  similar 
position  has  recently  been  advanced  by  M.  Elie  de 
Beaumont,  much  amplified-,  and  illustrated  by  nume* 
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TOU8  facts.  It  would  scarcely  be  possible  within  the 
limits  allowed  for  the  subject  in  tlie  present  volume, 
to  give  a  more  clear  and  concise  account  of  M.  Elie  de 
Beaumont's  views,  than  by  quoting  Professor  Sedg- 
wick's summary,  in  his  able  and  truly  eloquent  address 
to  the  Geological  Society  in  1831.  After  which, 
I  shall  notice  some  corrections  M.  Elie  de  Beaumont 
has  since  found  necessary  to  introduce. 

"  By  an  incredible  number  of  well-conducted 
observations  of  his  own,  combined  witli  the  best 
attested  facts  recorded  by  otlier  observers,  M.  Elie  de 
Beaumont  has  proved,  that  whole  mountain  chains 
have  been  elevated  at  one  geological  period,  —  that 
great  physical  regions  have  partaken  of  the  same 
movement  at  the  same  time,  —  and  that  these 
paroxysms  of  elevatory  force,  have  come  into  action 
at  many  successive  periods. 

"Step  by  step,  we  have  been  advancing  towards 
the  conclusion,  —  that  different  mountain  chains  had 
been  elevated  at  several  distinct  geological  periods  ; 
and  by  a  long  series  of  independent  observations, 
Humboldt,  Von  Buch,  and  other  great  physical  geo- 
graphers, had  proved,  —  that  the  mountain  chains  of 
Europe  might  be  separated  into  three  or  four  distinct 
systems ;  distinguished  from  each  other  (if  I  may  so 
express  myself)  by  a  particular  physiognomy,  and 
above  all,  by  the  different  angles  made  by  the  bear- 
ings of  their  component  formations,  with  any  assumed 
meridian.  All  the  subordinate  parts  of  any  one  system 
were  shown  to  be  parallel ;  while  the  different  systems 
{mountain  ranges)  were  inclined  at  various  angles  to 
each  other. 

*'  Ry  an  unlooked  for  and  most  felicitous  generalis- 
ation, M.Elie  de  Beaumont  has  now  proved,  that  these 
two  great  classes  of  facts  are  commensurate  to  each 
other  ;  and  tiiat  each  of  these  great  systems  of  moun- 
tain chains,  marked  on  the  map  of  Europe  by  given 
parallel  lines  of  direction,  has  also  a  given  period  of 
elevation,  limited  and  defined  by  direct  geological 
ir\'ation3." 
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deposited,  for  the  strata  of  these  fonnations  are  every 
where  ruptured  and  contorted,  and  often  lifted  up 
to  the  very  pinnacles  of  the  mountains:  whereas,  when 
any  of  the  tertiary  strata  approach  these  ranges,  they 
are  stated  to  be  in  a  position  nearly  horizontal  as  the 
surface  of  the  waters  in  which  they  were  deposited, 
unless  disturbed  by  local  causes.  Hence,  it  is  inferred, 
that  the  great  parallel  ridges  and  chains  of  tliis 
second  system  were  suddenly  and  violently  elevated, 
at  R  period  between  the  deposition  of  the  chalk,  and 
the  commencement  of  the  tertiary  groups.  The  cor- 
responding change  in  organic  remains,  is  still  more 
striking  than  in  the  former  system. 

"  The  third  system  embraces  a  great  number  of 
parallel  ranges,  bearing  about  northnorth-east,  and 
west-south-west ;  it  includes  the  whole  western  Alps, 
from  the  neighbourhood  of  Marseilles,  to  the  volcanic 
hdges  near  the  lake  of  Constance.  It  is  attempted 
to  he  proved,  that  all  these  parallel  ranges  in  the 
western  Alps,  had  their  origin  after  the  tertiary 
molasse,  a  deposit  partaking  of  all  the  elevations 
and  contortions  of  the  older  strata ;  that  the  elevatory 
movements  were  sudden  and  violent,  and  commenced 
at  a  time  when  tribes  of  mammalia  flourished  in  many 
parts  of  Europe ;  and  that  these  movements  were 
immediately  succeeded  by  great  horizontal  deposits 
of  old  diluvial  gravel  at  the  base  of  the  western  Alps, 
and  probably,  also,  by  that  vast  offshot  of  Scandinavian 
rocks,  which  lie  scattered  over  the  plains  of  Germany. 

"  The  fourth  system  embraces  several  considerable 
chains  in  Provence,  and  nearly  the  whole  chain  of  the 
eastern  Alps,  from  the  great  flexure,  in  the  region  of 
Mont  Blanc,  to  the  Alps  of  the  states  of  Austria. 
The  range  extends  E.N.  E.  and  W..S.W,  M.  Elie 
de  Beaumont  appears  to  have  proved,  that  there  are 
two  distinct  deposits  of  diUivial  gravel,  near  a  portion 
of  the  western  Alps  :  that  the  colossal  mass  of  Mont 
Bliinc,  and  at  least  a  considerable  portion  of  the 
eastern  Alps,  were  eleviited  after  the  deposit  of  the 
diluvium  i  and  that  ail  the  newer  diluvium. 
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including  the  granite  blocks  scattered  over  Savoy, 
rolled  off  from  the  regions  of  the  higher  Alps^ 
during  this  last  period  of  their  elevation.  There  are 
six  other  supposed  periods  of  elevation.  If  these 
generalisations  be  true,  and  they  seem  to  be  based 
on  an  immo\*able  mass  of  evidence,  we  must  om- 
clude,  that  there  have  been,  in  the  history  of  the 
earth,  long  periods  of  comparative  repose,  during 
which  the  sedimentary  deposits  went  on  in  r^ular 
continuity ;  and  short  periods  of  comparative  vicJence 
and  revolution,  during  which  that  continuity  was 
broken ;  and  if  we  admit  that  the  higher  r^ons  of 
the  globe  have  been  raised  from  the  sea  by  any  modi- 
fication of  volcanic  force,  we  must  then  also  a^Unit, 
that  there  have  been  several  successive  periods  of 
extraordinary  volcanic  eneigy.  How  we  are  to 
escape  from  this  conclusion  i  am  unable  to  compre- 
hend, unless  we  shut  out  the  evidence  of  our  senses. 

<*  Tliattlie  system  of  M.  Elie  de Beaumont  is  directh 
opposed  to  a  fundamental  principle  of  Mr.  Lyell, 
cannot  admit  of*  doubt ;  and  I  have  decided  in  favour 
of  the  former  author,  because  his  conclusions  are  not 
based  upon  any  a  priori  reasoning,  but  on  the  evidence 
offacts.*" 

If  we  admit  that  the  primary,  tl^e  transition,  the 
secondary,  and  the  tertiary  classes  of  rock,  were 
formed  at  different  successive  epochs,  and  that  the 
lower  beds  in  each  of  these  classes,  are  more  ancient 
than  the  beds  which  rest  upon  them,  it  follows,  as  a 
necessary  consequence,  tliat  the  elevation  of  any  of 
these  rocks,  must  be  dated  from  a  later  epoch  than 
the  period  of  their  formation.  The  elevation  of  a 
range  of  primary  or  transition  mountains,  if  they  are 
not  covered  by  any  secondary  or  tertiary  formations, 

*  Though  I  agree  with  Pkt)fe8Sor  Sedgwick  and  M.  Elie  de 
Beanmont,  that  the  elevation  of  mountain  ranges,  where  the  bedi 
tic  nearij  vertical,  was  effected  by  a  sudden  and  violent  upheav- 
ing, Jfet  I  am  persuaded,  that  the  elevation  of  continents,  or  ex- 
leosive  tracts  of  country,  was  (as  Mr.  Lyell  maintains)  a  long 
ftntinoed  process.  It  may  be  proved  that  these  operations  were 
''^*    '  ftom  each  other,  as  I  shall  afterwards  state. 
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may  be  dated  either  from  an  epoch  coeval  with  their 
consolidation,  or  from  any  subsequent  epoch ;  but  if 
they  are  partly  covered  by  secondary  or  tertiary  beds 
which  are  tilted  up  with  tliem,  we  have  direct  evidence 
that  the  date  of  their  elevation,  was  posterior  to  the 
secondary  or  tertiary  epoch.  So  far  we  may  advance 
on  secure  ground;  butwiicnwe  infer,  that  mountains 
which  range  in  the  same  direction  were  all  elevated  at 
the  same  time,  we  wander  into  the  region  of  vague  hy- 
pothesis. It  is  by  no  means  certain,  that  the  elevation 
of  the  outer  ranges  of  the  Alps  was  contemporaneous 
with  that  of  the  principal  range.  In  various  parts  of 
Savoy,  I  observed  that  the  mountains  at  a  certain 
distance  from  the  central  range,  had  their  escarp- 
ments turned  in  a  diflcrent  direction,  and  frequently 
took  the  arched  form  of  stratification,  as  represented 
Plate  II.  fig.  12.  .r,  y. 

Indeed,  M.  Klie  de  Beaumont  has  himself  been 
obliged  to  modify  his  generalisations  considerably,  as 
will  appear  from  the  following  extract  from  the 
BuUeiin  de  la  Societe  Geologique  de  Frajice.  M. 
Reboul,  in  a  memoir  on  the  structure  of  the  Pyrenees, 
read  to  the  society  in  December,  1831,  states,  that 
several  distinct  axes  of  elevation  may  be  observed  in 
different  parts  of  these  extensive  mountain  ranges, 
inclined  in  different  directions  to  each  other,  and  that 
the  lines  of  bearing  of  the  strata  are  also  different  in 
each.  There  are,  he  observes,  indications  in  the 
Pyrenees,  of*  the  elevation  of  rocks  at  different  epochs, 
both  before  and  after  the  most  recent  secondary 
depositions,  that  rise  to  the  suiinnit  of  Mont  Perdu. 
He  also  states  instances  of  the  tertiary  beds  of  molasse, 
being  elevated  near  the  central  range  of  the  Pyrenees, 
whereas  in  the  Alps  they  only  occupy  the  central 
parts  of  the  range,  which  would  imply  tiiat  the  period 
of  elevation  of  that  part  of  the  Pyrenees,  was  more 
recent  than  that  of  the  Alps.  It  appears  however, 
in  the  same  report,  that  M.  Elie  de  Beaumont  now 
admits  four  epochs  of  elevation  in  the  Pyrenees:  the 
most  ancient  immediately  succeeded  the  formation 
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of  the  transition  rocks.  The  second  took  place  be- 
tween the  deposition  of  the  green  sand,  and  that  of 
the  upper  chalk.  The  third  epoch  of  elevation  was* 
posterior  to  the  chalk  formation.  The  fourth,  which 
gave  birth  to  the  serpentines  (ophites),  and  to  the 
gypsum  with  rock  salt,  is  more  recent  than  the 
tertiary  epoch.* 

M.  Beaumont  however  contendsj  that  notmtb* 
standing  the  four  different  directions  of  the  ranges 
in  the  Pyrenees,  of  which  traces  may  be  observed  in 
several  of  the  valleys,  the  great  chain  of  the  Pyrenees, 
owes  its  actual  elevation  and  general  direction,  to  the 
third  system  or  epoch  of  elevation,  which  was  posterior 
to  the  chalk  formation ;  the  two  former  epochs  of 
elevation,  discoverable  in  this  chain,  having  been 
modified  by  the  great  elevation  of  this  third  epoch* 
The  fourth  epoch  of  elevation  is  only  perceivable,  in 
the  localities  where  serpentine  rocks  appear. 

I  wish  to  press  upon  the  attention  of  geologists  ' 
the  consideration,  that  the  arched  stratification  implies 
a  very  limited  extent  of  operation.  Where  it  is  con* 
fined  to  one  mountain,  as  at  Crich  Cliff,  (seethe  cut, 
p.  140.)  the  elevating  force  may  be  said  to  act  at  one 
point  Where  the  arched  stratification  extends  through 
a  range,  it  may  be  said  to  act  along  narrow  lines, 
forming  mountain  ridges,  with  valleys  between  them. 
From  what  I  observed  in  the  Alps,  I  was  convinced 
that  the  explosive  force  which  upheaved  Mont  Blanc^ 
and  the  central  range  of  the  Alps,  did  not  extend  its 
action  very  far  from  the  axis  of  the  range  on  each 
side;  and  that  this  action,  being  confined  within  narrow 
limits,  produced  a  rent  or  line  of  fracture  on  the 
crust  of  the  globe,  along  which  the  beds  were  suddenly 
tilted  into  their  present  position ;  and  that  the  outer 

*  The  formation  of  serpentine  (which  was  formerly  considered 
as  a  primary  rock)  af^er  the  tertiary  epoch,  will  cease  to  surprise 
geologists,  since  the  identity  of  basalt,  green  stone,  and  serpen- 
tine, has  been  ascertained  by  Dr.  MaccuUoch.  Serpentine,  like 
basalt  and  volcanic  rocks,  may  have  been  formed  among  any  class 
of  rocks.  It  was  stated  in  Chapter  XL,  that  some  of  the  rock 
salt  deposits  in  Poland  were  in  tertiary  strata. 
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ranges  were  raised  by  similar  explosions,  acting  along^ 
lines  bf  fracture  of  greater  or  less  extent.  Theses 
apheavings,  whether  simultaneous  or  successivei  took 
place  under  the  sea,  and  must  have  occasioned  afl 
Bgrtation  of  the  water,  far  exceeding  in  violence,  anj^ 
thing  which  modem  causes  present  to  our  observatioiU- 

The  vertical,  or  highly  elevated  position  of  certain 
portions  of  strata,  that  were  originally  horizontal, 
implies  the  sudden  and  violent  action  of  an  upheaving 
force.  Where  mountains  are  raised  to  a  considerable 
devation,  and  preserve  an  unbroken  range  of  nearly 
horizontal  strata,  we  may  infer,  that  the  upheaving 
force  was  slow  in  its  operation,  or  acted  on  a  large 
segment  of  the  earth's  surface. 

I  now  claim  the  attention  of  geologists  to  the 
following  position,  which  admits  of  direct  and  positive 
proof,  though  I  am  not  aware  that  it  has  been  before 
noticed: — the  elevation  of  large  continents  and 

ISLANDS,  was  not  EFFECTED  BY  THE  SAME  OPERATION, 
WHICH  UPRAISED  THE  PRIMARY  ROCKS.     For  instauce, 

the  horizontal  strata  of  new  red  sandstone,  that  rest 
on  the  upraised  beds  of  slate  and  granite  atChamwood 
Forest  (see  Plate  II.  fig. 4.),  were  deposited  under  the 
ocean ;   they  are  evidently  sedimentary  depositions^ 
composed  of  fragments  of  slate  and  other  rocks,  intei^ 
mixed  with  clay  and  sand,  indurated  into  sandstone. 
Now  let  us  notice  the  present  elevation  of  thes^ 
strata  of  sandstone,  which  is  not  less  than  about  500 
feet  above  the  level  of  the  sea,  and  we  shall  be  com* 
pelted  to  admit,  that  the  rocks  of  slate  and  granitei 
together  with  their  covering  of  sandstone  strata,  were 
raised  from  the  ocean  to  their  present  height,  at  an 
epoch  long  posteiior  to  the  uptilting  of  the  former 
beds,  or  to  the  deposition  of  the  sandstone  that  rests 
upon  them.     At  the  same  epoch,  and  by  the  same 
upheaving  cause,  a  great  extent  of  the  central  part  of 
England  was  also  raised  from  the  ocean ;  for  the  same 
beds  of  slate,  sienite,  granite  and  quartz  rock,  covered 
with  the  same  beds  of  new  red  sandstone,  extend  into 
Warwickshire,  and,  in  all  probability^  are  connected 
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chalk  Strata,  and  the  tertiary  strata,  along  a  line  ex- 
tending east  and  west  through  the  Isle  of  Wight  into 
Dorsetshire,  does  not  appear  to  have  produced  any 
considerable  change  on  each  side  of  the  line. 

In  passing  from  Alum  Bay,  where  the  chalk  strata 
are  nearly  vertical,  to  tiie  south  side  of  the  island,  it 
is  truly  extraordinary  to  observe,  how  little  the  lower 
beds  beneath  the  chalk,  and  adjacent  to  it,  appear  to 
have  been  disturbed.  The  force  which  uptilted  the 
strata  is  altogether  distinct  from  that  mighty  upheaving 
force,  which  raised  tlie  whole  chalk  hills  in  the  south 
of  England  from  the  ocean,  without  disturbing  the 
relative  position  of  the  strata. 

The  same  conclusions  may  be  formed  respecting  the 
Wealden  beds  (see  Chap.  XIII.) ;  but  in  this  case  the 
strata  have  been  upheaved  and  submerged  more  than 
once,  without  any  great  change  in  their  relative  po- 
sition.  The  repeated  upheaving  and  submergence 
of  the  secondary  strata  is  proved  by  the  occurrence 
of  fresh  water  strata,  or  of  strata  containing  freshwater 
shells  and  land  plants,  resting  on  marine  strata,  and 
also  covered  with  a  great  thickness  of  marine  form- 
ations. (See  Chap.  VIII.)  The  strata  in  the  great  coal 
formation,  were  deposited  in  the  freshwater  lakes  or 
marshes  of  an  ancient  country.  The  coal  is  composed 
of  vegetable  matter,  and  sometimes  contains  cortical 
impressions  of  plants.  The  beds  of  sandstone  and 
shale  that  accompany  coal,  contain  trunks  and  stems 
of  large  terrestrial  plants,  sometimes  standing  in  the 
position  in  which  they  grew.  In  the  greater  number 
of  coal  fields  not  a  vestige  of  any  marine  shells  is 
found,  though  they  frequently  contain  freshwater 
shells.  In  the  lower  part  of  some  coal  formations, 
indeed,  there  are  beds  of  limestone,  supposed  to  be 
marine,  and  a  few  marine  organic  remains.  In  such 
situations  we  must  admit,  that  the  lakes  or  basins  in 
which  the  coal  strata  are  deposited,  were  neai'ly  on  a 
level  with  the  sea,  and  subject  to  occasional  irruptions 
of  salt  water;  or  the  relative  level  of  the  land  and  sea 
may  have  been  changed,  by  frequent  oscillations  of 
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the  land.  The  strata  of  coal  and  ironstone  we  much 
too  regularly  separated  from  admixture  wiA  other 
substances,  to  allow  us  to  suppose,  that  they  were 
formed  by  matter  drifted  into  the  sea.  If  the  regular 
coal  strata  in  our  English  coal  fields  are  not  fresh- 
water formations,  deposited  in  marshes  or  in  tranquil 
water,  we  can  have  no  evidence  for  freshwater  form* 
ations  in  any  part  of  the  world.  All  the  coal  basins 
were  either  formed  in  inland  marshes  or  lakes,  or 
were  surrounded  by  dryland;  but  a  great  submergence 
of  the  land  took  place,  and  they  were  covered  in  many 
parts  by  thick  depositions  of  marine  limestone.  At 
a  subsequent  period,  they  again  emerged  from  the 
Ocean  Mrith  a  covering  of  marine  secondary  strata. 
(See  Appendis.)  It  would  not  be  difficult  to  ac- 
cumulate proofs,  of  the  repeated  elevation  and  sub- 
mersion of  portions  of  the  crust  of  the  globe. 

The  following  account  is  interesting,  from  the  vast 
extent  of  surface  to  which  it  relates ;  but  it  may  be 
said  to  present  rather  a  description  of  the  present  state 
of  the  earth's  surface,  than  a  direct  proof  of  former 
changes.  M.  Humboldt  in  a  recent  work,  entitled 
Fragmens  G^ologiques  sur  FAsie  Centrales  the  result  of 
his  late  travels  into  Asia,  observes,  that  the  high  part 
of  central  Asia,  commonly  called  le  grand  plateau^ 
is  composed  of  four  powerful  ranges  (systemes)  of" 
mountains,  directed  east  and  west,  and  supported  by 
a  common  base,  also  raised  above  the  surrounding 
country.  At  the  foot  of  this  immense  system  « 
mountain  chains  and  elevated  ground,  is  an  enonnous 
depression,  eighteen  thousand  miles  square,  and  from 
150  feet  to  300  feet  below  the  level  of  the  ocean. 
The  surface  of  the  Caspian  Sea  and  the  level  of 
Astracan  is  300  feet  lower  than  the  sea,  and  the 
course  of  the  Volga  is  150  feet  lower.  M.  Humboldt 
supposes,  that  this  subsidence  was  the  result  of  tlie 
elevation  of  the  Plateau,  which  supports  the  Hima- 
laya and  Irun  mountains,  and  perhaps  those  of 
Caucasus,  an  enormous  mass,  the  elevation  of  which 
can  be  compared  to  no  geological  phenomena  of  the 
same  order,  observed  on  the  other  continents. 
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M.  Humboldt  notices  the  existing  traces  of  volcanic 
agents  in  central  Asia,  which  may  be  more  or  less 
directly  connected  with  the  internal  force,  that  has 
produced  such  mighty  results* 

The  epoch  of  these  elevations  is  not  precisely 
indicated  bv  M.  Humboldt,  but  the  discovery  of 
tertiary  shells  in  the  higher  regions  of  Caucasus  and 
the  Himalaya  mountains,  analogous  to  those  in  the 
adjacent  seas,  may  lead  us  to  regard  the  elevation  of 
these  mountain  chains,  as  being  posterior  to  the  latest 
tertiary  epoch,  which  would  (if  established)  confirm 
the  conclusion,  **  that  the  highest  chains  of  mountains 
are  the  most  recent**  —  From  the  imperfect  know* 
ledge  at  present  possessed  of  the  geology  of  central 
Asia,  and  of  the  structure  of  the  mountains,  it  would 
be  unwise  to  draw  any  general  conclusions  respecting 
the  elevation  of  the  different  mountain  chains,  or  <^ 
the  elevated  plateau  from  which  they  rise ;  but  we 
can  scarcely  conceive,  that  the  whole  of  the  mountain 
chains,  and  this  elevated  plain  in  central  Asia,  were 
raised  by  one  sudden  upheaving  force :  it  seems  more 
probable,  that  the  expansion  of  so  large  a  portion  of 
the  earth's  surface,  and  its  depression  in  ouier  parts, 
were  not  effected  in  a  very  short  period  j  but  still  the 
convulsive  intermissions  of  such  an  upheaving,  while 
in  progress,  must  have  produced  tremendous  effects. 
If  this  elevation  of  central  Asia  took  place  after  the 
tertiary  epoch,  perhaps  it  may  not  have  an  earlier  date 
than  the  existence  of  the  human  race,  and  its  destruc- 
tive effects  on  the  surrounding  countries,  mav  have 
given  rise  to  the  tradition  of  an  extensive  deluge, 
still  preserved  among  the  most  ancient  eastern  nations, 
and  referred  to  in  the  writings  of  Moses. 

The  elevations  of  limited  portions  of  the  earth's 
surface,  at  a  distance  from  any  known  volcanic 
agency,  are  not  uncommon.  Loose  stones  or  shingles 
of  an  ancient  sea  beach,  are  found  at  heights  consi- 
derably above  the  present  level  of  the  sea,  in  manv 
parts  of  England.  Beds  of  gravel  and  diluvial  sand, 
with  marine  shells,  were  recently  found  on  the  sum- 
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of  nature  iipprinted  on  the  crust  of  the  globe,  we 
might  cite  the  fact  of  ancient  continents  having  sunk 
down,  since  the  world  was  peopled  by  the  human 
race.  Plato,  in  his  dialogue  entitled  Tirruvus^  says, 
that  Solon  received  an  account  from  the  priests  of 
Sais  in  Egypt,  that  there  was  formerly  a  vast  country 
called  the  Atlantides,  situated  beyond  the  Straits  of 
Gibraltar,  the  inhabitants  of  which  were  highly 
civilised  and  flourishing  ;  but  the  whole  country 
was  ingulfed  in  the  ocean,  during  a  violent  earth- 
quake. 

The  upheaving  of  extensive  islands  or  continents, 
was  probably  always  accompanied  by  the  depression 
of  other  portions  of  the  crust  of  the  globe  :  the  oscil- 
lations of  the  surface  may  be  the  result  of  some 
general  laws  of  subterranean  motion,  as  regular  and 
definite  in  their  operation,  as  the  laws  which  regulate 
the  motions  of  the  planetary  system.  These  laws 
may  for  ever  remain  undiscovered  by  human  intelli- 
gence, but  our  ignorance  resporting  the  causes  which 
have  repeatedly  submerged  and  elevated  various  por- 
tions of  the  earth's  surface,  does  not  invalidate  the 
&ct,  that  such  submersions  and  elevations  have  taken 

Elace  at  various  epochs.     The  admission  of  this  fact 
as  been  progressively  gaining  ground,  and  is  sup- 
ported by  a  mass  of  evidence  that  cannot  be  refuted. 
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CHAP.  XXIII. 

ON  THE  FORMATION  OF  VALLEYS,  AND  THE  GEO- 
LOGICAL THEORIES  RELATING  TO  VALLEYS  AND 
DENUDATIONS. 

On  the  Causes  that  have  broken  the  Surface  of  the  Globe. — 
Erosive  Action  of  running  Water  illustrated  by  the  Ph>ceS8 
called  Hushing,  —  Bursting  of  Lakes.  —  Some  ValleTS  oimneUy 
formed  by  Elevation  or  Subsidence,  and  subsequently  emaiged 
by  the  Action  of  Water.  —  Different  Theories  respecting  the 
Formation  of  Valleys.  —  Theory  of  Werner  —  of  Hutton.  — Of 
Elevation.  —  Of  the  retiring  Waters  of  the  Ocean.  —  Theory 
of  Excavation  and  Denudation  by  Deluges.  ^*  Modification'  of 
this  Theory  by  Sir  James  Hall;  its  Application  to  eiqplafat 
Denudations,  and  Transportation  of  Blocks  of  Granite  from  the 
Alps.  —  Particular  Phenomena  presented  by  the  scattered 
Blocks  in  the  Vicinity  of  Geneva.  —  Denudation  of  stratified 
Rocks,  effected  by  the  same  Causes  which  have  broken  die 
IVimary  Rocks,  and  scattered  their  Fragraoits  into  diatant 
Districts. 

From  what  has  been  stated  in  the  preceding  chapter, 
respecting  the  elevation  and  submersion  of  the  earth's 
surface,  the  geological  student  might  infer,  that  such 
elevations  and  submergences  offer  a  satisfactory  ex- 
planation of  the  formation  of  valleys,  but  the  infer- 
ence would  be  erroneous.  There  are  two  distinct 
causes  which  have  modified  the  surface  of  the  globe; 
the  one  internal,  dependent  on  the  earth  itself,  the 
other  dependent  on  the  atmosphere  which  surrounds 
it ;  beside  these,  there  is  the  ceaseless  flux  and  reflux 
of  the  ocean,  dependent  on  the  attractive  forces  of  the 
sun  and  moon,  and  on  the  earth's  diurnal  revolution  on 
its  axis.  The  two  former  causes  have  been  principally 
concerned  in  the  formation  of  valleys  ;  and  there  are 
few  valleys  in  which  the  combined  effects  of  both  these 
causes  may  not  be  traced.  The  inequalities  of  sur- 
face produced  by  the  upheaving  of  mountain  ranges, 
or  the  emergence  of  continents  from  the  ocean,  must 
have  origindly  determined  the  course  of  the  retirii^ 


FORCE    OF   DESCENDING    WATER.  507 

water,  or  of  atmospheric  water  precipitated  in  rain. 
Of  the  power  of  atmosplieric  water  to  act  upon  the 
surface  of  the  globe,  we  can  form  but  a  very  feeble 
idea  from  what  we  observe  in  our  own  country.  In 
warm  climates,  as  much  rain  will  fall  sometimes  in  one 
hour,  as  falls  at  different  times  during  three  months  in 
northern  latitudes :  added  to  this,  when  the  rain  de- 
scends in  mountainous  regions,  the  water  is  suddenly 
collected  into  powerful  rivers,  rushing  with  incredible 
violence  to  the  lower  valleys.  At  remote  epochs,  it 
is  highly  probable  that  many  elevated  depressions, 
which  are  now  mountain  valleys  in  alpine  regions, 
upheld  the  waters  and  formed  lakes,  that  have  subse- 
quently burst  their  barriers,  and  have  ploughed  a 
passage  for  the  succeeding  rivers,  when  tne  drainage 
of  the  country  became  more  regular. 

To  enable  the  reader  to  form  some  notion  of  the 
force  of  falling  water,  carrying  with  it  loose  stones 
that  occur  in  its  passage,  it  may  be  useful  to  describe 
a  process  called  hushingj  in  Westmoreland.  The 
quarrymen,  when  in  search  for  good  beds  of  slate, 
where  the  side  of  a  mountain  is  covered  with  stones 
and  vegetation,  form  a  lake  or  pool  near  the  top  of  the 
mountain,  by  damming  up  a  rivulet  where  it  passes 
through  a  depression  or  small  valley.  When  the 
water  has  accumulated  in  sufficient  quantity,  they 
dig  a  trench  near  the  dam,  to  direct  the  current  where 
they  wish  it  to  flow,  and  then  break  down  part  of  the 
dam.  The  water  flows  first  through  the  trench,  and 
rushing  with  accelerated  velocity  down  the  mountain, 
carries  with  it  the  stones  near  the  surface,  and  in  a 
very  short  time  ploughs  a  deep  channel  in  the  rocks, 
exposing  every  bed  to  view.  Thus  in  a  few  hours  is 
effected,  what  the  labour  of  many  men,  continued  for 
months  could  not  have  accomplished.  I  have  been 
informed,  that  in  the  upper  part  of  the  valley  of  Long 
Sleddale,  when  the  process  of  hushing  takes  place,  the 
river  Ken,  fas  it  flows  by  Kendal,  twelve  miles  distant,) 
is  made  turbid  for  some  days,  by  the  quantity  of  debris 
carried  into  it.     If  such  an  eflect  can  be  produced  by 
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all  this  mass  of  stone  had  been  carried  away  by  the 
river.  The  action  of  rivers  in  extensive  and  level 
valleys,  tends  rather  to  fill  them  with  debris,  brought 
from  the  more  elevated  countries  in  which  the  rivers 
had  their  origin,  than  to  excavate  them  deeper. 

The  formation  of  the  greater  number  of  valleys 
cannot  be  explained  by  the  action  of  water  alone. 
There  are  valleys  of  elevation  formed  by  the  raising 
of  the  strata  on  each  side  —  valleys  of  subsidence, 
formed  by  the  sinking  of  the  ground,  leaving  the 
adjacent  rocks  unmoved  —  vallevfi  formed  on  the 
line  of  faults,  in  which  the  rocks  on  one  side  have 
been  thrown  up  or  depressed  —  valleys  of  disruption, 
where  a  range  of  mountains,  or  an  extent  of  country 
has  been  rent  by  earthquakes  or  by  subsidence.  Most 
of  the  valleys  formed  originally  by  these  causes,  have 
been  subsequently  enlarged  or  modified  by  the  action 
of  water,  'riiere  are,  indeed,  instances  of  valleys  and 
ravines  formed  cntii'ely  by  the  continued  erosion  of 
water;  such  is  the  valley  of  Niagara,  between  Queens- 
town  and  the  Falls.  (See  the  frontispiece  to  the 
present  volume.)  Other  instances  might  be  cited,  in 
which  the  action  of  water  is  equally  evident.  In 
many  cases,  however,  where  water  appears  to  have 
been  the  sole  agent  in  excavating  rocks,  I  am  in- 
clined to  believe,  that  an  original  break  or  fissure  has 
greatly  accelerated  the  process.  In  many  broader 
valleys,  the  excavation  must  often  have  been  effected 
by  more  powerful  agents  than  any  which  we  perceive 
in  present  operation ;  and  when  a  broad  outlet  is 
once  made,  the  subsequent  drainage  of  a  country 
may  work  its  way  to  the  sea  in  a  very  sinuous  course; 
but  this  sinuous  course,  does  not  prove  that  the  valley 
had  been  originally  formed  by  the  river  that  flows 
through  it 

Besides  the  action  of  mountain  torrents,  the  bursts 
ing  of  lakes,  and  the  regular  flowing  of  rivers,  many 
geologists  believe  that  the  excavation  of  valleys,  and 
the  transportation  of  loose  rocks,  have  been  effected 
by  tlie  more  powerful  agency  of  the  ocean,  thrown 
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the  water,  though,  nearly  saturated  with  mineral 
matter,  was  capable  of  supporting  animal  life,  and 
the  shells  and  remains  of  zoophytes  and  fish,  were 
enveloped  in  the  strata,  at  the  period  of  their  depo- 
sition. According  to  this  theory,  when  the  water 
retired  from  the  present  continents,  the  mountains 
and  valleys  were  already  formed. 

The  theory  of  Werner  requires  for  its  support  the 
admission  of  conditions,  which  appear  in  the  present 
state  of  our  experience  impossible,  and  it  is  at  variance 
with  existing  phenomena.  The  vertical  position  of 
beds  of  puddingstone,  sandstone,  and  the  tertiary 
strata  in  the  Alps,  could  not  have  been  their  original 
one ;  nor  can  the  bendings  and  contortions  of  the 
strata,  so  common  in  Alpine  countries,  be  explained 
by  original  deposition.  A  further  account  of  part  of 
Werner's  theory  is  given.  Chap.  IX.  p.  216.  Wer- 
ner's theory  of  valleys  is  altogether  distinct  from  that 
theory  which  ascribes  the  formation  of  valleys  to 
inequalities  of  the  surface,  subsequently  enlarged  by 
the  erosion  of  water. 

The  second  theory,  that  all  valleys  have  been  ex- 
cavated by  the  rivers  that  flow  through  them,  was 
Hiaintained  by  Dr.  Hutton  and  Professor  Playfair :  it 
formed  a  part  of  their  general  theory  of  the  earth  ; 
the  leading  propositions  of  which  are,  that  the  sur- 
face of  the  present  continents  is  wearing  down  by 
the  action  of  the  atmosphere  and  by  torrents,  and 
that  the  materials  are  carried  by  rivers  into  the  sea, 
and  there  deposited.  At  a  future  period,  these  ma- 
terials will  be  melted  or  consolidated  by  subterranean 
heat  under  the  pressure  of  the  ocean,  and  subsequently, 
by  the  expansive  force  of  central  fire,  the  bed  of  the 
ocean  will  be  elevated,  and  form  new  continents. 
According  to  this  theory,  our  present  continents 
have  been  also  formed  from  the  ruins  of  a  preceding 
world,  and  elevated  by  a  similar  cause.  It  is  only 
with  that  part  of  the  Huttonian  system,  which  relates 
to  the  excavation  of  valleys,  that  we  have  at  present 
any  concern. 
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It  is  remarkable,  that  a  tlieory  which  maintains 
that  the  conUnents  were  raised  from  the  ocean  by 
subterranean  fire,  should  limit  the  formation  of  valleys 
to  the  action  of  the  rivers  that  run  through  them ; 
for  if  the  land  were  raised  by  an  expansive  power 
acting  from  beneath,  it  seems  to  follow  as  a  necessary 
corollary,  that  the  surface  would  be  unequally  elevated 
and  broken  into  inequalities  by  the  same  cause ;  unless 
we  suppose,  that  every  part  presented  an  equal 
degree  of  resistance  to  the  moving  force.  There 
must,  therefore,  have  been  original  inequalities  or 
valleys,  which  determined  the  direction  of  the  water- 
courses in  the  first  instance,  though  the  form  of  these 
valleys  may  have  been  subsequently  modified  by  the 
action  of  water.  That  all  valleys  have  been  excavated 
by  the  rivers  that  flow  through  them,  is  opposed  by 
many  decisive  facts.  Before  their  excavation,  the 
water  must  have  had  less  force  than  at  present,  as 
the  fall  would  be  gentle ;  and  the  present  efifect  of 
rivers  in  large  valleys,  is  not  to  excavate  tliem  deeper, 
but  to  fill  them  with  alluvial  depositions. 

There  are  numerous  deep  valleys  in  the  Alps,  that 
are  closed  at  one  end  by  steep  mountains  or  per- 
pendicular walls  of  rocky  and  which  were  originally 
closed,  and  are  now  nearly  closed,  at  the  other  end 
also.  Such  are  the  valley  of  Thones,  near  Annecy, 
the  valley  of  Chamouni,  and,  on  a  larger  scale,  tlie 
valley  of  Geneva.  It  is  evident  that  the  valley  of 
Thones,  and  that  of  Geneva,  have  once  been  filled 
with  water,  and  formed  lakes :  by  an  eaithquake,  or 
by  the  erosion  of  water,  a  fissure  has  .been  made, 
which  has  drained  the  greater  part  of  these  valleys; 
but  it  is  obvious  that  the  valleys  could  not  have  been 
formed  by  the  original  lakes,  or  by  the  rivers  th^t 
flowed  into  them.  If  valleys  were  formed  by  the 
erosion  of  rivers,  the  lakes  throjiigh  which  these 
rivers  flow,  must  have  long  since  been  filled  up  by 
the  materials  brought  into  them.  To  say  that  the 
lakes  were  once  deeper  than  at  present,  is  giving  up 
the  theory;  for  lakes  are  only  the  deeper  parts  of 
"«\IIeys. 
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Had  the  valley  of  Borrowdale,  in  Cumberland, 
been  excavated*by  the  water  that  flows  from  it,  the 
lake  of  Keswick,  at  its  entrance,  must  have  received 
all  the  materials,  and  been  long  since  choked  up. 
Or  had  the  valley  of  the  Rhone,  ten  thousand  feet 
deep  and  sixty  miles  in  length,  been  excavated  by 
the  Rhone,  the  quantity  of  matter  brought  down  by 
this  river,  would  not  only  have  filled  the  lake  of 
Geneva,  into  which  it  empties  itself,  but  the  broad 
valley  in  which  the  lake  lies,  must  also  have  been 
filled  up,  and  raised  to  the  height  of  the  Jura.  That 
the  Lake  of  Geneva,  and  all  lakes  into  which  large 
rivers  flow,  are  gradually  filling  up,  has  been  before 
stated ;  but  the  valley  of  the  Rhone  is  not,  nor  are 
other  valleys  becoming  deeper.  The  upper  part  of 
this  valley,  as  before  stated,  has  evidently  been  itself  a 
lake,  closed  in,  or  nearly  so,  by  the  rocks  at  Martigny. 

The  action  of  torrents  in  Alpine  districts  may 
have  been  sufficient  to  widen  Assures  already  made, 
or  to  scoop  out  glens,  in  the  softer  beds  on  the 
sides  of  mountains ;  but  they  appear  inadequate  to 
the  original  formation  of  large  longitudinal  valleys. 
Water-courses  running  on  the  edges  of  nearly  vertical 
beds,  may  scoop  out  a  portion  of  a  softer  bed,  placed 
between  two  hard  rocks,  and  thus  form  small  longi- 
tudinal valleys.  I  have  observed  several  instances  of 
such  valleys  in  the  Alps,  which  may  probably  have 
been  furrowed  by  mountain  torrents  in  the  course  of 
ages.  Some  vallies,  as  Les  Echelles,  near  Chambery, 
are  closed  at  one  end  by  a  perpendicular  wall  of  rock; 
through  this  rock  a  tunnel  has  been  cut  for  the  road : 
but  it  is  impossible  to  conceive,  that  any  action 
of  water  courses  could  have  formed  such  a  valley. 
There  is  only  a  feeble  stream  that  flows  from  it* 
Malham  Cove,  at  the  head  of  the  valley  of  the  Aire, 
in  Yorkshire,  is  a  perpendicular  wall  of  limestone  200 


*  For  a  particular  account  of  the  structure  of  this  vaflcy,  see 
Travels  in  the  Tarantaise,  vol.  i.  p.  169.  1  there  ascribe  its 
original  formation  to  subsidence. 

L  L 
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feet  high:  at  its  feet  the  river  rises;  but  no  con- 
ceivable action  of  the  river  could  have  originally 
formed  this  valley.  Whatever  extension  we  may 
reasonably  grant  to  the  action  of  rivers,  it  will  not  be 
found  sufficient  for  the  excavation  of  valleys,  except 
in  particular  situations. 

The  third  theory,  which  attributes  the  formation 
of  valleys  to  the  elevation  of  mountain  ranges,  appears 
to  assign  a  cause,  that  will  explain,  in  a  simple  manner, 
the  formation  of  many  valleys ;  but  on  examination, 
it  will  be  found  inadequate  to  explain  the  phenomena 
of  other  valleys,  without  the  concurrence  of  inund- 
ations or  the  action  of  water. 

If  the  crust  of  the  globe  were  broken,  and  raised 
in  parallel  ridges,  they  might  form  mountain  ranges, 
with  valleys  between  them,  like  what  are  observed 
bordering  the  central  range  of  the  Alps ;  the  arched 
stratification  of  many  of  the  calcareous  mountains, 
and  the  vertical  position  of  the  beds,  &vour  this 
hypothesis. 

In  some  instances,  where  the  beds  of  a  mountain 
are  raised  from  an  horizontal,  to  a  nearly  vertical 
position,  they  would  leave  a  chasm  proportionate  to 
the  part  that  had  been  raised ;  and  this  might  form 
the  bed  of  a  lake.  The  steep  escarpments,  which  the 
calcareous  mountains  in  Switzerland  and  Savoy  pre- 
sent to  the  lakes  which  they  border,  indicate  that  the 
beds  of  the  lakes  were  formed  in  the  hollows  that  had 
been  left  by  the  elevation  of  the  mountains.  The 
beds  of  the  mountains  on  the  side  oppasite  to  the 
escarpments,  generally  slope  down  to  the  lakes  ;  hence 
M.  De  Luc  inferred,  that  it  was  these  mountains  that 
had  sunk  down,  and  left  the  chasm  which  forms  the 
bed  of  the  lake.  Indeed  it  is  highly  probable,  that 
when  the  beds  of  rock  were  broken  and  elevated  in 
one  part,  the  beds  adjoining  would  sink  down,  leaving 
vast  chasms,  which  were  soon  filled  with  water,  and 
formed  lakes.  It  seems  quite  certain,  that  the  lakes 
«i  the  valleys  of  mountainous  countries,  could  never 

Ive  been  excavated  by  the  rivers  that  flow  into  them. 
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The  great  lakes  of  North  America  are  situated  upon 
a  vast  extent  of  table  land,  about  800  feet  above  the 
sea  ;  but  the  country  is  so  level,  that  the  rivers  which 
flow  into  the  lakes,  and  those  which  empty  themselves 
in  the  gulf  of  Mexico,  are  only  separated  at  their 
sources,  by  elevations  not  exceeding  a  few  feet,  and 
wiien  swelled  by  rain,  the  northern  and  southern  rivers 
sometimes  interlock.  In  this  plain  there  are  no 
mountains.  These  lakes  were  probably  formed  by 
partial  subsidences,  at  the  epoch  when  the  whole 
country  was  upheaved  from  the  ocean.  The  efforts 
of  elevation  and  depression  have  been  described  in  the 
preceding  chapter. 

Transversal  vallies,  or  those  which  cut  through 
mountain  ranges,  nearly  at  right  angles  to  the  direc- 
tion of  the  ranges  they  intersect,  may  have  been 
originally  fissures  or  openings,  made  either  at  the 
period  when  the  ranges  were  elevated,  or  subiequently, 
by  the  same  causes  that  have  rent  and  displaced  the 
secondary  strata.  These  fissures  may  have  beeu  after- 
wards widened  by  the  erosion  of  water. 

Geologists  seem  now  generally  agreed,  that  the 
action  of  rivers  is  not  sufficient  to  explain  alf  the 
phenomena  of  valleys,  and  still  less  to  account  for 
the  fragments  of  rocks  scattered  over  extensive  plains, 
at  an  immense  distance  from  Alpine  districts,  where 
rocks  similar  to  these  fragments  occur.  Another 
phenomenon,  of  more  importance,  is  altogether  inex- 
plicable by  the  action  of  rivers.  Immense  tracts  of 
the  secondary  strata,  several  hundred  feet  in  depth, 
have  in  some  districts  been  torn  off,  and  the  materials 
entirely  removed,  except  detached  patches,  which 
here  and  there  form  isolated  caps  on  distant  hills; 
and  incontestably  prove,  that  they  were  once  parts  of 
one  continuous  stratum  or  formation.  Numerous 
instances  of  this  might  be  cited  in  our  own  island.  It 
is  probable  that  the  beds  of  clialk  that  form  the  north 
and  south  downs  of  Sussex,  once  extended  over  the 
Wealdcn  beds.  Seep.  "281.  This  local  disappearance 
of  a  stratum  or  formation,  has  properly  been  called 
''  L  L  2 
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Denudation.  The  theory  advanced  by  Mr.  Farey, 
to  explain  these  denudations,  was,  that  the  surface  had 
been  broken  and  swept  away,  by  the  near  approach 
of  a  comet  But  the  most  rational  explanation  that 
can  be  offered,  is  that  which  ascribes  the  effect  to  a 
mighty  deluge,  sweeping  over  the  surface  of  the  globe^ 
tearing  off  part  of  its  crust,  and  transporting  the 
fragments  into  distant  regions,  or  into  tiie  ocean. 
The  case  is  one  which  may  be  truly  said  to  be  dignus 
vhidice  nodus^  and  the  geologist  is  compelled  to  call 
in  the  aid  of  Neptune ;  for  none  of  the  causes  in 
present  activity  (however  we  may  imagine  them  to 
be  increased  in  power  or  magnitude,)  will  be  found 
adequate  to  produce  the  denudation  of  an  extensive 
district,  and  the  disappearance  of  the  stony  materials, 
by  which  it  was  covered. 

The  fourth  theory,  which  attributes  the  formation 
of  valleys  to  the  sudden  retreat  of  the  sea  from  our 
present  continents,  is  founded  on  the  admitted  fact^ 
that  the  sea  has  once  covered  them ;  and  whether  we 
suppose  that  the  bed  of  the  ocean  .was  deepened  in 
one  part  by  a  sudden  subsidence,  which  drew  off  the 
water  from  another  part ;  or  that  the  continents 
emerged,  by  an  expansive  force  acting  beneath  them, 
—  the  effect  on  the  water  would  be  nearly  the  same. 
This  effect,  in  scooping  out  valleys,  has  been  com- 
pared to  what  may  be  observed  in  miniature  "  by  the 
drainage  of  the  retiring  tides  on  muddy  shores,  espe- 
cially in  confined  estuaries,  where  the  fall  is  consider- 
able and  rapid,*'  the  water  cutting  out  channels  for 
its  passage,  as  it  drains  off.  The  retiring  of  the  ocean 
suddenly  fi-om  the  present  continents,  would  be  a 
cause  sufficient  for  the  excavation  of  valleys  ;  but  I 
have  stated,  in  the  preceding  Chapter,  the  reasons  for 
believing,  that  continents  emerged  from  the  ocean,  by 
the  long  continued  action  of  an  upheaving  or  expand- 
ing force. 

The  fifth  theory,  which  ascribes  the  formation  of 
valleys,  and  the  extensive  denudations  of  the  strata, 
to  deluges  that  have  suddenly  swept  over  different 
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}>arts  of  the  globe,  lias  been  maintained  by  Professor 
Pallas  and  Sir  James  Hall,  The  former  coiijoctured, 
that  the  inundations  that  have  covered  parts  of  the 
Asiatic  continent  with  blocks  of  stone,  beds  of  gravel, 
and  n)arine  remains,  were  occasioned  by  the  form- 
ation of  volcanic  islands  in  tlie  Indian  ocean.  Within 
the  period  of  authentic  history,  extensive  inundations 
have  been  occasioned  by  volcanoes  and  earthquakes, 
which  afford  probability  to  the  opinion  of  Pallas. 
In  the  year  IG50,  a  new  volcanic  island  rose  from 
the  sea  in  the  Grecian  Archipelago;  and  according 
to  the  account  of  Kirclier,  a  contemporary  writer,  it 
occasioned  the  sea  to  rise  forty-five  feet  in  height,  at 
the  distance  of  eighty  miles,  and  desti'oyed  the 
galleys  of  the  Grand  .Signior  in  tlie  port  of  Candia. 
The  principal  damage  done  by  earthquakes  to  cities 
adjoining  the  sea,  is  often  effected  by  an  enormous 
wave,  the  sea,  retiring  Ironi  its  bed  in  the  first  inslancc, 
sudilcnly  returns  with  a  prodigious  swell,  and  in  a 
few  moments  rushes  over  the  adjacent  country. 

Sir  James  Hall  has  given  greater  extension  and 
consistency  to  this  speculation.  He  supposes  tliat 
tlie  upheaving  of  a  large  island,  like  Sumatra,  might 
take  ])lace  so  suddenly  as  to  drive  the  ocean  with 
great  impetuosity  over  the  sinnmits  of  the  highest 
mountains,  and  strip  off*  the  glaciers,  and  transport 
tJiem  into  distant  countries.  Ice  being  specifically 
ligliter  than  w-iter,  the  glaciers  would  carry  away  with 
them,  the  blocks  of  stone  that  had  fallen  from  the 
impending  rocks,  and  had  become  incased  in  ice. 
This  theory  of  Sir  James  Hall's  would,  I  conceive, 
offer  a  better  explanation  than  any  other,  for  the 
occurrence  of  groups  of  fragments  of  particular  rocks, 
unmixed  with  fragments  of  other  rocks.  Eacli  gla. 
cier,  loaded  with  stones  from  the  rocks  above  it,  may 
be  regarded  as  a  ship  freighted  with  specimens  of  its 
native  mountains,  which  it  deposits,  by  thawing,  in 
the  place  where  it  ultimately  rests.  Nor  would  a 
wave  or  swell  of  the  sea,  that  had  covered  tlie  highest 
mountains,  suddenly  subside ;  it  would  sweep  repeat- 
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valleys,  must  have  swept  away  tlie  loose  stones  on  the 
surface.  The  local  elevation  of  the  surface  would 
appear  to  offer  a  more  satisfactory  explanation. 
The  blocks  of  granite  torn  from  Mont  Blanc  and  the 
adjacent  granitic  range,  are  scattered  over  the  calca- 
reous mountains,  and  in  the  valleys  of  Savoy  to  tlie 
distance  of  60  miles  or  more,  from  the  parent  rocks, 
aud  some  of  these  blocks  have  traversed  the  Jura  into 
France,  a  distance  of  100  miles.  Two  hypotheses 
have  recently  been  formed  respecting  them  :  the  one, 
that  these  blocks  of  granite  were  thrown  from  the 
mountains  by  an  expulsive  force  at  the  period  of  their 
elevation ;  the  other,  that  the  calcareous  mountains 
have  been  subsequently  raised  with  their  load  of  gra- 
nitic blocks  upon  them.  There  are  fiicts  opposed  to 
both  of  these  theories,  which  appear  to  render  them 
less  satisfactory,  than  tliat  of  Sir  James  Ilall  before 
stated. 

If  any  readers  of  this  volume  should  visit  Ge- 
neva, I  would  recommend  them  to  devote  a  day  to 
visiting  the  mountains  called  the  Great  and  Little 
Saieve,  in  the  inmiediate  vicinity  of  that  city.  They 
present  their  steep  escarpments  of  limestone  to  the 
valley  of  the  Rhone,  but  slope  down  on  the  south  side 
to  the  valley  of  the  Arve.  On  this  southern  side  may 
be  seen,  not  the  remains  of  an  ancient  temple  or  city, 
but  the  magnificent  ruins  of  mighty  mountains,  and 
the  monuments  of  an  overwhelming  catastrophe,  which 
transported  these  ruins  into  their  present  situation. 
The  snow-clad  mountains  from  which  they  were  torn 
rise  magnificently  to  the  view,  though  filly  miles 
distant.  OntheLittle  Saleve,at  the  height  of  fourteen 
hundred  feet  above  the  valley,  are  scattered  numernua 
blocks  of  granite  of  vast  size,  not  at  all  water-worn, 
and  almost  as  fresh  as  if  recently  torn  from  their  parent 
mountains  J  they  are  of  that  kind  of  granite  called 
Protogine,  in  which  talc  or  chlorite  is  one  of  the  com- 

Sonent  parts,  and  are  identical  with  the  granite  of 
lont  Blanc,  while  the  Saieve  on  which  they  lie,  and 
the  surrounding  mountains  are  calcareous.     On  tlie 
L  L  4 
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Great  Saleve  adjoining,  there  is  one  block  of  this 
granite  seven  feet  in  length,  at  the  height  of  S500 
feet  above  the  vallej.  Saussure  has  remarked,  that 
these  blocks  are  not  broken  or  shattered*  as  they 
would  have  been,  had  they  been  hurled  with  vkdenoe 
from  the  Alps  ;  neither  do  the  limestone  strata 
beneath  them  present  any  appearance  of  having  been 
fractured  or  indented  by  their  fall :  on  the  contrary 
the  blocks  lie  upon  the  surface.  Two  of  these  bloc^ 
of  granite  rest  upon  pedestals  of  limestone,  a  few 
feet  above  the  general  level  of  the  ground.  The 
blocks  have  evidently  protected  the  limestone  beneath 
them  from  disintegration,  and  thus  would  serve  as 
chronometers,  to  indicate  the  period  when  they  were 
deposited,  could  we  ascertain  the  thickness  of  surface 
worn  away  in  a  given  time. 

I  observed  a  few  of  the  blocks  were  cracked,  but  this 
was  in  all  probability  effected  by  the  percolation  of 
water,  and  its  expansion  by  frost     Another  circum- 
stance  pointed  out  by  Saussure  is,  that  these  blocks, 
in  their  passage  from  the  Alps,  appear  to  have  taken 
the  course  of  the  present  valleys,  and  where  they  have 
been  carried  as  far  as  the  Jura  chain,  they  rest  at 
various  heights  on  the  sides  of  that  range  of  moun- 
tains, exactly  opposite  to  the  mouths  pf  the  Alpine 
valleys.   Saussure,  however,  supposes,  and  with  much 
probability,  that  the  whole  of  the  valley  of  Geneva, 
and  the  valleys  that  run  from  the  Alps,  and  all  the 
lower  mountaihs  of  Savoy,  were  covered  by  the  sea 
at  the  period  when  the  great  catastrophe  took  place, 
and  that  the  rocks  were  torn  off,  and  transported  by 
a  sudden  rush  of  waters.     He  further  supposes,  that 
the  specific  gravity  of  the  blocks  being  diminished  by 
the  medium  in  which  they  were  borne  along,  they 
might  be  carried  to  a  great  distance  by  the  violence 
of  the  current,  and  deposited  at  considerable  altitudes. 
The  floating  of  Alpine  glaciers  loaded  with  fragments 
of  rock,  would  perhaps  better  remove  the  difficulty 
attending  the  explanation  of  these  occurrences  at  the 
height  of  fifteen  hundred  feet  and  more  above  the 
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valleys.  That  these  valleys  were  formed  before  the 
transportation  of  the  granite  blocks,  seems  evident 
from  the  circumstance  before  stated,  that  the  blocks 
occur  in  groups,  opposite  to  the  embouchures  of  all 
the  Alpine  valleys,  that  open  into  the  great  valley  of 
Geneva.  These  valleys  or  depressions,  were  therefore 
formed  before  the  country  emerged  from  the  ocean, 
not  by  the  erosion  of  rivers,  but  by  the  elevation  and 
fracture  of  the  beds  on  each  side.  The  summits  of 
the  mountains  that  border  the  present  valleys  may 
have  directed  the  course  of  the  rush  of  water  by  which 
the  blocks  were  transported.  The  valley  of  the  Arve, 
in  the  upper  part,  has  evidently  been  a  lake,  or  series 
of  lakes,  originally  formed  by  elevation  and  depres- 
sion :  the  waters  have  cut  passages  through  the 
barriers  of  these  lakes  at  a  subsequent  period,  and  the 
river  Arve  has  afterwards  cut  through  the  deep  mass 
of  sand  and  rounded  stones,  that  fill  the  bottom  of 
the  lower  part  of  the  valley,  from  Bonneville,  to  the 
junction  of  the  Arve  with  the  Rhine.  The  transport- 
ation of  the  granite  blocks  was  posterior  not  only  to 
the  original  formation  of  the  Alpine  valleys,  but  also 
took  place  at  a  later  period  than  the  deposition  of  the 
deep  mass  of  sand  and  rolled  stones,  that  forms  the 
bed  of  the  lower  part  of  these  valleys,  for  the  blocks 
often  rest  upon  it.  Blocks  of  similar  granite  may  be 
seen  in  the  lake  of  Geneva,  between  that  city  and 
Thonon,  which  indicates  that  this  pait  of  the  lake  has 
undergone  no  great  change,  since  these  blocks  were 
deposited.  The  transportation  of  the  granite  blocks 
appear  to  have  been  effected  suddenly;  but  the 
rounded  blocks  and  sand  at  the  bottom  of  the  valleys, 
must  have  been  long  subjected  to  the  violent  agita- 
tion  of  water. 

There  are  numerous  instances  of  transported  masses 
of  rock,  scattered  over  pur  own  island,  and  various 
parts  of  the  continent,  but  none  of  them  appear  so 
immediately  to  elucidate  the  enquiry  respecting  the 
origin  of  valleys,  as  the  granite  blocks  in  Savoy,  and  on 
the  Jura.  — -  Seated  on  the  side  of  a  mountain,  among 
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a  group  of  these  blocks  (as  on  the  Saleve,  near 
Geneva);  you  may  see,  at  the  same  time,  the  dis- 
tant rocks  from  which  diey  were  torn,  the  valleys  or 
depressions  along  which  they  have  been  transported, 
and  the  original  situations  on  which  they  were  depo- 
sited, and  where  they  remain,  and  may  probably  con- 
tinue till  another  revolution  o£  the  globe.  By  what- 
ever force  the  granite  was  torn  from  the  nearly  ver- 
tical beds  of  the  Alps,  the  same  force  acting  on  the 
level  secondary  strata,  might  tear  off  a  large*extent  of 
surface  and  uncover  the  lower  beds :  this  is  what  is 
understood  by  a  denudation.   • 

The  geological  student  is  requested -to  observe,  that 
though  I  have  denominated  these  transported  masses 
of  rock  in  Savoy,  granite  blocks,  because  they  are 
principally  granite,  yet  blocks  of  the  other  Alpine 
rocks  are  also  frequently  intermixed  with  them* 
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CHAP.  XXIV. 

ON  THE  ANCIENT  TEMPERATURE  OF  THE  EARTH. 
—ON  CENTRAL  HEAT,  AND  ON  ASTRONOMICAL 
PHENOMENA  ILLUSTRATIVE  OF  GEOLOGICAL 
THEORIES CONCLUSION. 

It  is  now  generally  admitted  by  geologists,  that  the 
temperature  of  the  earth  was  at  a  former  epoch  much 
higher  than  at  present,  at  least  that  it  was  so  in 
northern  latitudes.  The  facts  on  which  this  opinion 
is  founded  are  very  numerous,  but  they  are  chiefly 
dependent  on  the  organic  remains  found  in  a  fossil 
state.  The  animal  remains  of  the  large  mammalia, 
such  as  the  elephant,  the  rhinoceros,  and  hippopota- 
mus, are  abundant  in  some  of  the  tertiary  and  diluvial 
beds.  The  bones  and  teeth  of  elephants  in  Siberia, 
and  the  borders  of  the  Icy  Sea,  are  so  numerous,  that 
it  is  evident  the  animals  must  once  have  existed  in 
immense  multitudes  in  these  high  latitudes.  On  the 
Oyster  Bank,  off  Hasburgh,  on  the  Norfolk  coast, 
many  hundred  grinders  of  elephants  have  been  found, 
and  a  vast  quantity  of  their  bones.  (S.  fVoodwarfTs 
Syn.  Tab  J)  Teeth  of  the  elephant  have  also  been 
found  in  almost  every  county  in  England,  and  in  all 
the  northern  kingdoms  of  Europe.  Remains  of  lizards 
of  enormous  size  occur  in  many  of  the  English  strata : 
these  animals,  in  a  peculiar  manner,  seem  to  require 
a  high  temperature  for  their  full  development 

The  fossil  remains  of  vegetables  prove  the  high 
temperature  of  the  countries  in  which  they  flourished, 
more  decidedly  than  animal  remains.  Fossil  trunks 
and  leaves  of  the  palm  tree,  the  tree-fern,  and  of 
gigantic  reeds,  analogous  to  what  are  now  growing  in 
equatorial  climates,  abound  in  the  coal  strata  of  north- 
ern latitudes.     It  may  be  objected,  that  the  large 
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Hnc  of  peqietual  congelation  is  about  seven  or  oig^ht 
thousand  feet :  yet  in  the  Ciiiiton  of  the  vallais,  the 
upper  valley  of  the  Rhine,  surrounded  by  snow-clad 
mountains,  is  subjected  to  an  oppressive  heat  in  the 
summer  months.  Thus  difierence  of  elevation  has  a 
certain  effect  on  temperature  in  all  latitudes. 

Large  elevated  continents  in  high  latitudes,  greatly 
decrease  the  temperature  of  the  air,  by  presenting  a 
great  surface  of  snow  and  ice  to  the  atmosphere.  On 
the  contrary,  near  the  equator,  large  continents  raise 
the  temperature  greatly,  by  the  constant  radiation  of 
heat  from  the  ground.  The  ocean  j)reserves  a  more 
uniform  temperature  at  different  seasons  than  the 
land  J  hence,  islands  surrounded  by  large  seas,  pos- 
sess a  more  equal  temperature  throughout  the  year, 
than  continents  in  the  same  latitudes.  The  lines  of 
equal  temperature  (called  isothermal  lines)  are  not 
parallel  to  the  lines  of  latitudes,  as  they  would  be, 
were  temperature  not  affected  by  the  causes  before 
stated.  Quebec,  with  its  Siberian  winter,  is  nearly  in 
the  same  parallel  of  latitude  as  Kochelle,  in  France, 
and  is  not  two  degrees  north  of  the  latitude  of  Bor- 
deaux; a  difference  not  greater  than  between  Lon- 
don and  Nottingham,  which  in  this  country  produces 
scarcely  a  perceptible  effect  on  the  climate.  In  some 
countries,  where  the  summer  temperature  is  much 
greater  than  that  of  other  countries  in  the  same 
parallel  of  latitude,  yet  the  average  annual  heat,  or 
what  is  called  the  mean  temperature,  as  measured  by 
the  thermometer,  is  the  same  in  both  ;  because  though 
the  summers  may  be  hotter,  the  winters  are  propor- 
tionally colder,  which  reduces  the  average  tempera- 
ture to  an  equality.  But  though  the  mean  tempera- 
ture may  be  the  same,  the  greater  periodical  increase 
and  decrease  of  temperature  in  one  country  than  in 
the  other,  occasions  a  considerable  difference  in  the 
vegetation.  If  we  examine  in  a  good  map  two  situa- 
tions in  the  same  parallel  of  latitude,  which  possess 
very  different  degress  of  temperature,  we  may  gene- 
rally observe  a  variation  in  the  relative  portion  of 
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land  and  water,  which  may  serve  in  a  considerable 
degree  to  explain,  why  one  situation  should  enjoy 
more  heat  than  the  other. 

Mr.  Lyell  has  advanced  a  theory  respecting  die 
former  high  temperature  of  northern  latitudes,  in 
which,    by  many  local    illustrations  and   ingenious 
arguments,  he  attempts  to  prove,  that  a  great  change 
in  the  relative  position  of  the  land  and  sea,  would  be 
sufficient  to  account  for  the  excess  of  the  former 
temperature,  over  that  now  enjoyed  in  northern  re- 
gions.    He  states  two  extreme  cases,  which,  ccMild 
they  ever  occur,  must  produce  an  important  change 
in  the  climate  of  Europe.     Were  the  land  between 
the  tropics  to  be  submerged  under  the  ocean,  and  an 
equal  portion  of  mountainous  land  to  be  raised  in  the 
polar  circles,    the  cold  of  those  regions    would  be 
much  increased,  and  the  heat  between  the  treses 
would  be  very  greatly  diminished  j  by  the  joint  opera- 
tion of  these  causes   the    climate  of  the    souUiern 
parts  of  Europe,  might  become  as  cold  as  that  of 
Siberia.     On  the  contrary,  were  all  the  land  in  high 
latitudes  to  be  submerged,  and  an  equal  quantity  of 
land  to  be  raised  above  the  sea,  near  the  equator,  the 
mean  temperature  of  a  great  part  of  Europie   might 
be  sufficiently  increased,  to  support  the  vegetation  of 
tropical  climates.     The  theory  of  Mr.  Lyell  is  entirely 
original,  and  throws  much  light  on  the  causes  which 
affect  the  climate  of  various  countries  in   the  same 
parallels  of  latitude ;  and  could  we  grant  that  the 
change  of  land  and  sea  had  ever  been  so  complete 
as  what  he  has  imagined,  the  conclusions  deduced 
therefrom  would  be  undeniable  :  but  so  many  condi- 
tions are  required  to  effect  such  extreme  changes, 
that  we  must  regard  their  occurrence  as  merely  pos- 
sible, and  La  Place,  in  his  "  Essai  Philosophiqtte  star 
les  Probabilites**   has   shown,    that   between   events 
which  are  merely  possible,  and  those  which  the  philo- 
sopher should  regard  as  probable,  there  is  an  almost 
immeasurable  interval.      Nor  can  the  theory  of  Mr. 
Lyell  be  well  reconciled  with  the  occurrence  of  the 
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remains  of  such  immense  multitudes  of  tropical 
animals  and  plants  in  countries  bordering  the  arctic 
circle,  because,  to  increase  the  tempemtuie  of  Europe 
in  a  considerable  degree,  the  theory  would  require 
all  tiie  land  in  high  northern  latitudes  to  be  submerged ; 
but  this  is  precisely  the  very  land  on  which  the  ele- 
phants flourished. 

The  cause  which  has  effected  a  change  in  the  tem- 
perature of  the  earth,  must  probably  be  sought  for, 
either  in  the  earth  itselfi  or  in  some  change  in  it's 
orbit,  or  in  the  relative  position  of  its  axis.  Did  the 
severe  taws  which  analysis  and  observation  have 
established  in  astronomy,  allow  the  geologist  to  admit 
a  slow  revolution  of  the  globe,  round  two  opposite 
points  of  the  present  equator,  each  part  of  the  eartli 
would  in  succession  be  brought  between  the  tropics; 
and  if  we  could  suppose  the  axis  of  diurnal  rotation, 
to  preserve  the  same  inclination  to  the  ecliptic  as  at 
present,  we  should  have  all  the  conditions  required, 
for  explaining  the  former  high  temperature  of  polar 
regions.  The  spheroidal  form  of  the  globe  appears, 
however,  to  preclude  the  admission  of  this  hypothesis; 
nor  does  it  derive  any  support  from  astronomicai 
observations  continued  for  '2000  years. 

Even  an  increase  of  the  obliquity  of  the  earth's 
axis  to  the  ecliptic,  without  any  other  change,  would 
jroduce  a  great  effect  in  tlie  climate  of  northern 
atitudes,  by  increasing  the  summer  heat;  but  the 
winters  would  be  colder  than  at  present.  There  is, 
indeed,  an  annual  change  in  the  obliquity  of  the 
ecliptic,  but  it  appears  to  be  confined  within  limits 
too  small  to  produce  a  sensible  effect  on  the  temper- 
ature ofany  part  of  the  globe.  The  efiects  that  might 
be  produced  by  a  change  of  the  earth's  orbit  remain 
to  be  noticed. 

A  change  in  the  form  of  the  earth's  orbit,  if  consi- 
derable, might  change  the  temperature  of  the  earth, 
by  bringing  it  nearer  to  the  sun  in  one  part  of  its 
course.  The  orbit  of  the  earth  is  an  ellipsis,  ap- 
proaching nearly  to  a  circle :  the  distance  from  the 
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new,  but  it  appears  to  have  received  support  from 
numerous  observations  and  experiments  made  in  a 
comparativelv  recent  period.  The  evidence  by  which 
the  theory  of  central  heat  is  supported,  is  derived  first, 
from  the  occurrence  of  volcanic  fires  in  almost  every 
degree  of  latitude  north  or  south :  secondly,  from 
submarine  volcanoes  :  thirdly,  from  the  occurrence 
of  numerous  thermal  springs  in  countries  remote 
from  active  volcanoes;  lastly,  from  direct  experi- 
ments made  on  the  temperature  of  the  earth,  at 
various  depths  in  mines,  and  by  sinking  and  boring 
into  the  earth. 

Whether  there  exist  a  mass  of  heated  matter  under 
the  whole  surtace  of  the  globe  may  be  uncertain  j 
but  that  there  is  subterranean  fire,  under  a  consider* 
able  extent  of  the  surface,  can  scarcely  be  doubted. 
The  volcanoes  that  are  thickly  scattered  over  both 
the  northern  and  southern  hemisphere,  the  long 
period  of  their  activity,  and  the  connection  that 
appeal's  to  subsist  between  the  volcanoes  in  distant  dis- 
trict3(sce  Chap.  XVIII.),  prove  the  depth  and  extent 
of  the  source  of  volcanic  fire.  The  volcanoes  that 
break  out  from  under  the  sea,  and  overcome  the  vast 
pressure  of  the  incumbent  ocean,  farther  indicate,  that 
the  explosive  force  is  situated  at  a  great  depth. 
Thermal  waters,  prove  the  extensive  effects  of  subter- 
ranean heat;  for  though  many  hot  springs  rise  in 
volcanic  districts,  and  arc  properly  a  part  of  volcanic 
phenomena,  yet  other  thermal  waters  are  far  removed 
irom  any  active  volcanoes.  Some  liot  springs  have 
flowed  without  any  known  diminution  of  temperature 
for  nearly  two  thousand  years;  this  is  the  case  with 
the  waters  of  Bath,  which  have  no  volcanoes  nearer 
to  them,  than  those  in  Icelaud  and  the  south  of  Italy. 
That  thermal  waters  derive  their  temperature  from  a 
deep-seated  internal  source  of  heat,  and  noffrom  any 
local  cause,  or  from  chemical  changes  near  the  sur- 
face, is  rendered  probable  by  various  circumstances. 
In  many  of  these  waters  there  is  scarcely  any  admix- 
ture of  saline  or  mineral  matter,  which  there  would 
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there  exists  a  subterranean  heat  in  the  terrestrial 
globe  independent  of  solar  radiation,  and  which 
increases  rapidly  with  the  depth:  —  2nd.  that  the 
increase  of  liea^  does  not  foUou'  the  same  line  in  all 
parts  of  the  earth ;  indeed,  he  supposes  the  differ- 
ences may  be  twice  or  three  times  as  great  in  one 
country  as  in  another:  — 3rd.  these  differences  are  not 
in  constant  relation  with  the  longitudes  and  latitudes 
of  places  where  the  experiments  have  been  made : 
—  4th.  that  the  heat  increases  with  the  increase  of 
depth,  in  a  much  greater  degree  than  was  previously 
believed.  M.  Cordier  farther  maintains,  tliat  there 
is  a  source  of  intense  heat  in  the  earth,  and  that  the 
external  crust  may  be  from  50  to  100  miles  in  thick- 
ness, and  that  all  within  this  crust  is  a  mass  of  melted 
matter :  that  originally  the  whole  globe  was  an  entire 
mass  of  melted  matter  before  the  external  crust 
became  solid,  by  throwing  out  its  heat  into  space  ; 
and  that,  in  this  manner,  the  solid  crust  is  constantly 
growing  thicker,  and  tlie  internal  heat  dimiuisliiug. 

The  spheroidal  form  of  the  earth  indicates  an  ori- 
ginal state  of  fluidity,  and  whatever  might  be  the  te- 
nacity of  the  fluid  matter,  the  rapid  rotation  of  the 
«arth  on  its  axis,  would  swell  out  the  equatorial  parts, 
and  tbrm  a  spheroid  of  rotation.  Intense  heat  ap- 
pears to  be  the  only  natural  agent  we  are  acquainted 
with,  that  could  retain  the  mass  of  the  earth  in  a 
fluid  state :  —  farther,  the  granitic  crust  of  the  globe 
most  probably  owes  its  crystalline  structure  to  slow 
refrigeration  from  a  state  of  igneous  fusion.  Thus 
both  the  form  of  the  earth,  and  the  structure  of  its 
crystalline  crust,  are  favourable  to  the  theory  of 
central  heat.  If  this  theory  can  be  established,  it 
will  offer  a  satisfactory  explanation  of  the  former  high 
temperature  of  the  globe,  and  of  its  subsequent  pro- 
gressive refrigeration  ;  —  also  of  another  circumstance 
equally  remarkable ;  for  it  would  appear,  from  the 
fossil  remains  of  vegetables  in  diBerent  latitudes,  that 
every  part  of  the  globe  once  enjoyed  nearly  the  same 
degree  of  heat ;  the  cause  of  this  equality  must  have 
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earth,  all  the  aqueous  particles  that  form  the  ocean, 
and  all  the  more  volatile  mineral  substances,  would 
have  existed  in  the  form  of  vapour,  and  have  con- 
stituted a  nebulous  medium  of  vast  extent,  resem- 
bling the  atmosphere  of  a  comet,  or  the  nebulosity 
surrounding  the  newly-discovered  planets,  Juno, 
Ceres,  and  Pallas.  By  progressive  refrigeration,  the 
volatile  mineral  matter  would  be  concreted,  and  the 
aqueous  particles  precipitated,  until  the  constitution 
of  the  atmosphere  became  fitted  for  the  support  of 
animal  life.  It  is  not  improbable,  that  the  animals  of 
the  earliest  creation,  might  have  been  constituted  to 
breathe  a  denser  atmosphere  than  the  present  one. 
Such  an  atmosphere  would,  in  a  considerable  degree, 
equalise  the  mean  temperature  of  the  earth ;  and 
the  excess  of  moisture  and  of  carbonic  acid  gas, 
would  also  be  fiivourable  to  the  rapid  development  of 
vegetation. 

Jn  stating  these  hypotheses,  my  only  object  has 
been  to  suggest  to  the  reader,  the  various  causes 
which  may  have  affected  the  former  temperature  of 
the  globe,  and  shall  leave  liim  to  determine  how  far 
any  of  them  appear  to  be  supported  by  analogy  and 
probability. 

The  original  fluidity  of  the  globe  appears  to  be 
indicated  by  its  present  spheroidal  form  ;  and  in  the 
large  planets  that  compose  part  of  our  system,  the 
spheroidal  form  is  more  fully  displayed,  particularly 
in  the  planet  Jupiter.  Now  it  well  deserves  atten- 
tion, that  the  conditions  under  which  this  form  was 
impressed  on  the  earth  and  planets,  cannot  recur 
again  by  any  known  causes  now  in  operation,  or  by 
any  otlier  conceivable  cause,  except  the  fiat  of  the 
Creator.  Thus  we  are  brought  at  once  to  a  com- 
mencement of  the  series  of  geological  changes,  which 
could  not  have  been  the  result  of  any  secondary 
causes,  that  come  within  the  limit  of  our  present  ex- 
perience. About  a  century  ago  it  was  the  fashion 
among  philosophers  to  explain  all  the  phenomena  of 
nature,  even  thunder  and  muscular  action,  by  the 
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sphere  and  variable  clouds  or  belts  ;  it  must  then 
have  a  fluid  on  its  surface,  that  performs  the  functions 
of  water;  yet  this  fluid  must  be  chemically  and 
essentially  different  from  water,  or  from  any  fluid  on 
oiu"  earth.  The  properties  of  matter,  and  the  laws 
of  definite  proportion,  cannot  be  the  same  on  Saturn 
as  upon  the  earth,  and  it  is  liigtiiy  probable,  that 
different  senses  would  be  required  to  make  these 
properties  perceptible.  If  from  the  body  of  Saturn 
we  turn  our  attention  to  the  double  ring  by  which  it 
is  surrounded,  we  must  admit  a  former  condition  of 
that  planet,  which  can  never  return  by  any  known 
secondary  causes  in  present  operation.  Thus  both 
geology  and  astronomy  lead  us  to  acknowledge  a  first 
Almighty  cause,  and  a  commencement  of  the  present 
order  of  things,  dependent  upon  his  will. 

In  offering  the  preceding  remarks,  I  have  not  been 
influenced  by  a  desire  to  oppose  the  opinions  of 
others,  but  to  support  what  appears  to  me  to  be  the 
truth. 

I  shall  now  take  leave  of  the  reader  in  the  words 
with  which  the  kat  edition  was  concluded. 


It  may  be  right  to  advert  to  an  enquiry  that  has 
frequently  been  made  —  JVhat  advantage  can  be  de- 
rived Jrom  the  study  of  geology  f 

The  value  of  every  science  must  ultimately  rest  on 
its  utility :  but  in  making  the  estimate,  we  ought  not 
to  be  guided  alone  by  the  narrow  view  of  immediate 
gain.  The  materia!  universe  appears  destined  to 
answer  two  important  purposes:  the  first  of  which  is 
to  provide  for  the  physical  wants  of  its  various  inha- 
bitants. Now,  in  relation  to  this  purpose,  tfie  science 
which  teaches  us  the  structure  of  the  earth,  and 
where  its  mineral  treasures  may  be  tbund,  can  scarcely 
be  deemed  devoid  of  utility,  by  a  nation  deriving  so 
much  of  its  comfort  and  wealth  from  its  mineral  re- 
sources. But,  beside  supplying  our  physical  wants, 
the  external  universe  is  destined  to  answer  a  nobler 
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energy,  displayed  in  the  ancient  world :  indeed,  there 
is  no  science,  wliich  presents  objects  that  so  power- 
fiilly  excite  our  admiration  and  astonishment.  We 
are  led  ahnost  irresistibly  to  specniate  on  tlie  past  and 
fiiture  condition  of"  our  planet,  and  on  man  its  present 
inhabitant.  What  various  reflections  crowd  upon 
the  mind,  if  we  carry  back  our  thoughts  to  the  time 
when  the  surface  of  our  globe  was  agitated  by  con- 
flicting  elements,  or  to  the  succeeding  intervals  of 
repose,  when  enormous  crocodilian  animals  scoured 
the  surface  of  the  deep,  or  darted  through  the  air  for 
their  prey ;  —  or  again,  to  the  state  of  the  ancient 
continents,  when  the  deep  silence  of  nature  was 
broken  by  the  bellowings  of  the  mammoth  and  the 
mastodon,  who  stalked  the  lords  of  the  former  world, 
and  perished  in  the  last  grand  revohition,  that  pre- 
ceded the  creation  of  man.  Such  speculations  are 
somewhat  humbling  to  human  pride  on  the  one  hand, 
but  on  the  other,  they  prove  our  superiority  over  the 
rest  of  the  animal  creation  ;  for  it  has  been  regarded 
by  the  wisest  philosophers  in  ancient  times,  as  a  proof 
of  the  high  future  destiny  of  man,  that  he  alone,  of 
all  terrestrial  animals,  is  endowed  with  those  powers 
and  faculties,  which  impel  him  to  speculate  on  the 
past,  to  anticipate  the  future,  arid  to  extend  his  views 
and  exalt  his  hopes,  beyond  this  visible  diurnal  sphere. 


The  following  observationg  on  the  study  of  geology,  taken  from 
ProfeBsor  Sedgwick's  truly  eloquent  address  lo  the  Geolt^Jca] 
Society  of  London,  in  1831,  are  so  just  and  beautiful,  and  are  bo 
closely  related  to  what  I  have  before  stated,  tliat  1  am  certain  my 
readers  will  be  highly  gratified  by  their  insertion. 

"  If  I  believed  that  the  iniaginalion,  the  feelings,  the  active  in- 
tellectual powers  bearing  on  the  business  of  life,  and  the  highest 
capacities  of  our  nature  were  blunted  or  impaired  by  the  study  of 
our  science  (Geology),  I  should  then  regard  it  as  little  better 
than  a  moral  sepulchre,  in  which,  like  the  strong  man,  we  were 
burying  ourselves  and  those  around  ub,  in  ruins  of  our  own  creat- 
ing. But  I  believe  too  Brmly  in  the  immutable  attributes  of  that 
Being,  in  whom  all  truth,  of  whatsoever  kind,  finds  its  proper 
resting  place,  to  think  that  the  principles  of  physical  and  moral 
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ON  THE  GREAT  COAL  FORMATION. 


JjEsiDE  what  has  been  already  stated  respecting  the 
freshwater  origin  of  the  coal  strata,  I  wish  the  reader  to 
bear  in  mind,  that  the  marine  or  freshwater  character 
of  formations,  must  be  determined  by  the  general 
assemblage  of  the  organic  remains,  and  not  by  a  few 
individuals,  or  a  few  species  of  shells,  which  differ 
from  the  general  character  of  the  fossils  j  particularly 
as  we  now  know,  that  several  species  supposed  to  be 
marine,  are  capable  of  living  in  fresh  water. 

In  the  great  coal  formation  of  England,  the  upper 
and  middle  beds,  for  many  hundred  feet  or  yards  in 
thickness,  abound  in  the  remains  of  terrestrial  or  of 
marsh  plants,  with  some  freshwater  shells,  but  with- 
out any  admixture  of  marine  species.  The  whole 
mass  of  the  coal  measures,  however,  rests  on  marine 
limestone  ;  and  in  some  parts  of  England,  the  lowest 
measures  alternate  with  beds  of  limestone,  and  also 
contain  some  shells  supposed  to  be  marine.  Though 
the  upper  and  middle  parts  of  all  the  English  coal 
fields  are  freshwater  formations,  we  can  have  no 
doubt,  that  the  limestone  on  which  all  tlie  coal  fields 
rest  was  deposited  under  the  ocean ;  but  many  cir- 
cumstances tend  to  prove,  that  its  elevation  was  a  slow 
and  long-continued  process,  and  that  the  lower  part 
of  the  coal  measures  were  deposited  when  nearly  on 
a  level  with  the  sea,  or  in  situations  subject  to  irrup- 
tions of  marine  water ;  or  else  the  ground  was  sub- 
ject to  oscillations  which  brought  it,  at  different 
times,  below  the  level  of  high  tides. 

The  great  valley  of  the  Mississippi  contains  the 
largest  coal  field  in  the  known  world;  and  what  is 
now  annually  taking  place  in  some  parts  of  that 
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valley,  appears  to  confirm  in  a  remarkable  manner, 
the  opinions  I  have  advanced  (pages  l65  to  173)  on 
the  formation  of  coal,  and  the  cause  of  the  frequent 
recurrence  of  the  same  series  of  strata  at  diflerent 
depths,  in  the  same  mine  j  which  I  attribute  to  the 
perioilical  filling  and  desiccation  of  lakes.  In  the 
second  volume  of  Mr.  Stuart's  interesting  "  Travels 
in  the  United  States,"  there  is  a  very  instructive 
account  of  the  Valley  of  the  Mississippi,  quoted  from 
an  American  review.  I  shall  here  insert  the  parts 
immediately  connected  with  the  present  subject:—.. 
"  What  is  called  the  Valley  of  the  Mississippi  j* 
not  in  reality  a  valley,  but  an  extensive  elevated 

flain,  without  hills  or  inequalities  deserving  notic& 
t  extends  west  trom  the  western  slope  of  the  Alle- 
ghany Mountains,  to  the  sand  plains  near  the  Misi 
souri,  a  distance  of  about  1.^00  miles,  and  south  from 
the  valley  of  the  northern  lakes,  to  the  mouth  of  the 
Ohio,  about  600  miles.  No  part  of  the  globe  po»- 
sesses  such  an  extent  of  uniform  fertility.  The  difc 
ference  in  elevation  is  only  a  few  feet,  as  ascertained 
by  actual  survey.  The  general  elevation  of  this 
plain,  is  about  800  feet  above  the  sea.  It  is  crossed 
by  the  great  rivers  Missouri,  Mississippi,  Ohio,  and 
their  branches.  As  we  go  westerly  up  the  Missouri 
and  Arkanas  to  the  sand  plains,  we  find  nearly  the 
same  elevation.  The  great  and  numerous  rivers  thxt 
cross  this  plain,  instead  of  forming  valleys,  do  but 
indent  narrow  tines  or  grooves  into  its  surface,  hardly 
sufficient  to  retain  their  floods.  As  the  currents  of 
these  rivers  roll  on  in  their  courses,  they  sink  deeper 
into  the  plain  ;  hence  the  large  rivers  Ohio,  Missouri, 
and  others,  seem  hordered  with  hills  of  several  hun- 
dred feet  elevation,  towards  their  mouths ;  but  the 
tops  of  these  hills  are  the  level  of  the  great  plain. 

'•The  base  of  this  whole  extent  of  plain  appears  to 
be  transition  or  mountain  limestone,  in  nearly  hori- 
zontal beds:  it  has  been  perforated  to  the  depth  of 
400  and  (500  feet.  It  contains  irilobites,  orthocera- 
tites,  the  productus,  and  other  fossils  that  charactemt 
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tlie  transition  limestone.  The  uppermost  stratum  of 
limestone  is  not  many  feet  below  the  surface,  and 
supports,  nearly  over  its  whole  extent,  strata  of  bitu- 
minous coal  and  saline  impregnations.  The  lime- 
stone  extends  under  the  Alleghany  Mountains  in  the 
east,  and  the  sa»d  plains  on  the  west,  and  rests  on  the 
granite  ridges  of  Canada  on  the  north. 

"  This  coal  field  would  cover  half  Europe,  having 
an  extent  of  900,000  square  miles;  or  1500  miles  in 
length,  by  (iOO  miles  in  breadth.  The  coal  is  pure, 
and  lies  above  the  beds  of  the  rivers,  and  costs  about 
twenty  cents  (the  fifth  part  of  a  dollar)  per  ton  to 
quarry  it  Iron  ore  abounds  generally,  but  in  Mis- 
souri there  is  a  mass  of  this  ore  300  feet  in  height, 
and  five  miles  in  extent,  which  yields  75  per  cent,  of 
fine  malleable  iron.  The  lead  districts  of  Missouri 
and  Illinois  cover  200  square  miles."  It  is  not  men- 
tioned in  the  above  account,  but  there  can  be  no 
doubt,  that  the  mines  are  situate  in  the  limestone, 
which  identifies  tiiat  formation  still  farther  with  the 
mountain  limestone  of  England. 

In  the  geological  position  and  physical  structure 
of  this  vast  coal  field,  we  may,  I  think,  trace,  in  a 
satisfactory  manner,  the  mode  of  its  formation.  Were 
the  outlet  of  the  waters  that  drain  this  large  surface 
to  be  only  partially  closed  (as  we  may  suppose  the 
mouth  of  the  Mississippi  to  be)  by  an  earthquake  or 
upheaving  of  the  surface,  then  in  the  time  of  annual 
periodical  inundations,  the  whole  extent  of  this  level 
plain  would  be  covered  with  fresh  water,  and  form 
an  inland  sea,  which  would  gradually  become  dry  as 
the  inundations  subsided.  This  plain  would  then 
become  a  vast  swamp,  suitecf  for  the  rapid  develop- 
ment of  vegetation.  In  this  manner  thick  beds  of 
decomposed  vegetable  matter  might  every  year  be 
tbrmed,  and  subsequently  covered  with  strata  of  mud 
and  earthy  matter,  deposited  during  the  inundation. 

Now  let  us  advert  to  what  actually  takes  place  in 
the  lower  valley,  or  plain  of  the  Mississippi,  every 
year.     When  those  mighty  rivers,  the  Mississippi  and 
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Missouri,  are  inundated,  by  the  melting  of  the  i 
near  their  sources,  they  pour  down  immense  floods, 
which  fill  their  banks,  and  absolutely  choke  up  the 
mouths  of  the  large  secondary  rivers  that  enter  tJietn, 
and  throw  their  waters  back  for  many  miles,  charged 
■with  tlie  mud  of  the  great  descendiog  waters.  The 
waters  of  these  secondary  rivers  in  their  backward 
course,  overflow  their  banks,  and  spread  over  the 
lower  parts  of  the  level  plain,  forming  lakes  of  twenty 
miles  or  more  in  length  :  after  some  time  these  lakes 
are  gradually  drained  by  the  subsidence  of  the  rivers. 
The  inundations  are,  however,  prolonged  by  another 
circumstance.  The  Missouri  and  Mississippi  rise  in 
different  latitudes,  and  their  periodical  inundations 
do  not  take  place  at  the  same  time.  When  one  of 
these  mighty  streams  is  inundated,  it  blocks  up  the 
passage  of  the  other,  and  this  reacts  on  the  secondary 
streams,  and  prolongs  the  time  of  periodical  inunda- 
tion. Thus  in  these  temporary  lakes  of  fresh  water, 
we  have  the  conditions  required  for  the  formation  rf 
future  coal  fields  —  swamps  promoting  the  rapid  de- 
velopment and  decomposition  of  vegetables  —  and 
periodical  inundations  of  water,  charged  with  sand 
and  mud,  to  cover  the  vegetable  beds  with  earthy 
strata.  It  is  further  deserving  notice,  that  over  a 
large  part  of  the  plain  of  the  Mississippi,  the  rapid 
annual  growth  of  grasses  and  tiiisties,  exceed  any 
thing  of  which  this  part  of  Europe  affords  an  ex- 
ample :  this  enormous  mass  of  vegetation  perishes 
every  winter. 

In  the  account  of  the  probable  duration  of  the  coal 
of  Durham  and  Northumberland  (page  182.),  first 
published  in  the  third  edition,  I  have  stated  the 
period  of  exhaustion  to  be  about  350  years  Irom  the 
present  time.  Id  evidence  ou  the  subject,  given  before 
the  House  of  Commons,  the  period  has  been  extended 
to  1727  years;  a  diiference  so  great  as  to  require 
some  animadversion.  In  the  first  place,  all  evidence 
given  before  ParUament,  by  commercial  or  public 
bodies,  who   have  a  particular  object  to   establia' 
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must  be  received  with  considerable  caution.  The 
coal  ovmers  in  the  north  were  alarmed,  lest  some 
restriction  should  be  laid  on  the  unlimited  export  of 
coal,  if  it  were  known  that  the  coal  fields  of  North- 
umberland and  Durham  could  only  afford  a  regular 
supply  of  fuel  for  a  very  limited  number  of  years. 
It  was  stated  before  the  House  of  Commons,  that 
there  are  837  square  miles  of  coal  strata  in  Northum- 
berland and  Durham,  and  that  only  105  square  miles 
have  been  worked  out  It  was  assumed,  that  each 
workable  bed  of  coal  spreads  under  the  whole  extent 
of  the  coal  fields,  but  this  is  very  far  from  being  the 
fact  Many  of  the  best  and  thickest  coal  beds  crop 
out  long  before  reaching  the  western  termination  of 
the  coal  field,  or  are  cut  off  by  faults  or  denudations. 
The  thickness  of  the  beds  was  also  overstated.  Pro- 
fessor Buckland  estimated  the  duration  of  the  North- 
umberland and  Durham  coal,  according  to  the  present 
rate  of  consumption,  at  400  years,  which  agrees  very 
nearly  with  the  period  of  exhaustion  I  had  assigned. 


APPENDIX. 


AN  INDEX  OUTLINE  OF  THE  GEOLOGY  OF  ENGLAND. 


The  outline  of  the  geology  of  EDgUnd,  and  the  map  that 
accompanied  it,  given  in  the  fii'st  and  second  editions  of  this 
work,  presented  (the  author  believes)  the  first  distinct  general 
view  of  the  geology  of  England  that  had  ever  been  published  ; 
and  though  several  parts  uf  our  island  have  since  been  more 
fully  examined,  the  examinations  have  confirmed  the  correct- 
ness of  the  leading  facts,  stated  in  the  editions  of  1813  and 
1815. 

The  author  has  since  revisited  a  considerable  part  of  Eng- 
Iiind  and  Wales,  and  collected  materials  for  a  more  ample 
detail  of  their  geology  ;  but  the  limits  of  die  present  volume 
will  not  admit  of  their  insertion,  and  it  is  his  intention  to 
publish  them  in  a  separate  form.  This  index  outline  will 
serve  more  fully  to  explain  the  map  and  sections,  by  refer- 
ences to  the  chapters  where  the  difierent  classes  of  rock  are 
described. 

In  tracing  the  great  outlines  of  the  physical  geography  of 
continents  and  islands,  we  may  generally  perceive,  that  they 
are  determined  by  the  ranges  of  primary  and  transition  moun- 
tains that  traverse  them:  these  have  been  compared  to  the 
skeletons,  on  which  the  other  parts  of  a  country  are  con- 
structed. 

The  length  of  Britain  is  determined  by  different  groups  of 
mountains,  which,  viewed  on  a  large  scale,  may  be  regarded 
as  one  mountain  range,  extending  north  and  south  (with  its 
ramifications]  along  the  western  side  of  England  and  Wales, 
from  Cornwall  to  Cumberland,  and  from  thence  to  the  northern 
extremity  of  Scotland.  All  the  highest  mountains  in  England 
and  Wales  are  situated  in  this  range,  which,  in  reference  to 
our  island,  may  be  called  the  great  Alpine  chain.  This  chain 
is  interrupted  by  the  inten-ention  of  the  Bristol  Channel,  and 
again  by  Uie  low  grounds  of  Lancashire  and  Cheshire,  which 
divide  it  into  three  groups  or  ranges ;  these,  for  the  sake  of 
dbtinction,  may  be  denominated  the  Devonian  range,  the 
Cambrian  range,  and  the  Northern  range.  They  form  the 
N  N 
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Alpine  districts  of  England  (coloured  red  in  the  map).     The 
mountains  of  the  great  Alpine  chain  from  Cornwall  to  Cum- 
berland, are  composed  of  primary  rocks  and  of  other  rocks, 
which  belong  chiefly  to  the  class  of  transition  rocks,  described 
in  Chaps.  V.  VI.  and  VII.     Those  parts  in  which  the  primary 
rocks  chiefly  occur,  are  shaded  by  lines.     In  some  few  parts, 
east  of  the  Alpine  district,  the  primary  and  transition  rocks 
also  make  their  appearance,  uncovered  by  the  secondary  strata. 
A  range  of  primary  and  transition  mountains  appears  once  to 
have  extended  from  the  Devonian   range,   in  a   north-east 
direction,  into  Derbyshire ;  — the  transition  and  basaltic  moun- 
tains of  that  county,  the  Charnwood  Forest  hills,  the  sienitic 
greenstone  of  Warwickshire,  the  transition  rocks  of  Dudley, 
the  Malvern  Hills,  and  the  trap  rocks  of  Gloucestershire, 
Somersetshire,  and  Devonshire,  were  probably  parts  of  one 
range,  and  were  much  lofUer  than  at  present*     It  may  deserve 
notice,  that  the  granitic  rocks,  in  this  range,  are  closely  allied 
to  rocks  now  generally  supposed  to  be  of  igneous  origin. 

It  was  this  range  that  appears  to  have  determined  the  ex- 
tent of  our  island  in  that  direction,  and  to  have  formed  the 
western  border  of  an  ancient  sea  or  lake,  in  which  the  upper 
calcareous  strata  of  the  midland,  eastern,  and  southern  coun- 
ties were  deposited.  It  also  appears  to  have  determined  the 
extent  of  the  upper  calcareous  strata,  that  cover  the  eastern 
side  of  England,  and  are  bounded  by  the  line  a  a  a.  This 
boundary  marks  the  direction  of  a  range  of  calcareous  hills, 
that  extends  through  England  in  a  waving  line,  from  the 
western  extremity  of  Dorsetshire,  to  the  eastern  side  of  the 
county  of  Durham.  East  of  this  line,  there  are  no  beds  of 
good  mineral  coal  in  any  part  of  England.  Between  the  line 
AAA  and  the  Alpine  districts  (coloured  red),  we  have  the 
under  secondary  strata  (coloured  green).  All  the  principal 
coal  formations  in  England  occur  in  different  parts  of  this 
district,  which,  for  the  sake  of  distinction,  we  shall  call  the 
middle  district :  it  is  however  partly  covered  by  beds  of  red 
marl  and  sandstone.  The  upper  calcareous  district,  east  of  the 
line  AAA  (and  coloured  yellow  in  the  map),  is  in  some  parts 
covered  with  beds  of  clay  and  sand  of  a  more  recent  formation, 
belonging  to  the  tertiary  strata:  they  are  coloured  brown, 
and  are  bounded  in  the  map  by  the  lines  o  o  o  o.  Other 
low  parts  of  this  district  are  covered  by  alluvial  depositions^ 
and  marked  III. 

England  and  Wales  may  thus  be  divided  into  three  geo- 
logical districts  : — the  Alpine  district,  consisting  of  primaiy 
and  transition  rocks,  — the  Middle  district,  comprising  the 
coal  formation  and  the  lower  secondary  strata  of  new  red 
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sandstone, — and  the  Upper  Calcareous  district,  comprising 
the  lias,  the  ooHte  and  chalk  formations;  the  latter  partly 
covered  by  tertiary  formations.  Each  of  these  districts  has  its 
appropriate  characters  and  mineral  productions.  In  order  to 
give  the  render  a  clear  idea  of  the  relative  position  of  the 
rocks  and  strata  of  these  three  divisions,  let  him  take  three 
sheets  of  paper,  and  cut  out  tiie  form  of  England  in  each. 
Let  the  lower  sheet  be  red  ;  cover  this  with  green  paper, 
cutting  out  all  the  parts  on  the  western  side,  which  will 
leave  the  parts  marked  red  in  the  map  uncovered,  and 
also  the  small  parts  where  the  Malvern  Hills  and  Cliarn- 
wood  Forest  hills  arc  situated.  Cut  out  the  third  sheet  of 
yellow  paper,  so  that  its  edge  may  correspond  with  the  line 
AAA.  Then  cut  out  pieces  of  darker-coloured  paper,  and 
place  them  over  the  parts  marked  2  2  2,  for  the  tertiary 
strata;  and  place  dark  patches  on  the  parts  marked  I  1  1,  for 
olluvicl  and  diluvial  depositions;  raise  the  western  edge  a 
little,  so  as  to  make  the  sheets  of  paper  incline  to  the  south- 
east;— and  we  shall  then  have  a  model  of  the  geology  of 
England,  which  would  be  more  complete,  provided  we  could 
raise  the  parts  marked  red  above  the  level  of  the  green  paper. 
The  red  paper,  which  spreads  under  the  whole,  and  represents 
the  primary  and  transition  rocks  of  the  Alpine  districts,  may 
be  conceived  to  extend  under  the  sea,  and  to  rise  again  in 
Ireland,  France,  Sweden,  and  Germany,  and  thus  to  be  con- 
nected with  all  the  granitic  ranges  of  the  old  continent.  It 
is  scarcely  requisite  to  remark,  that,  in  presenting  a  general 
view  of  the  arrangement  of  the  diSerent  classes  of  rocks  in 
this  manner,  the  partial  wavings  or  irregularities  of  die  strata, 
and  the  inequality  of  surface,  presented  by  hills  and  valleys, 
must  be  necessarily  disre^rded. 

The  primary  rocks  of  England  and  Wales  are  described  in 
various  parts  of  Chaps.  V.  and  VI.  in  the  present  volume. 
The  transition  rocks,  including  mountain  limestone,  are  de- 
scribed in  Chap.  VII.  The  coal  formations  in  England, 
within  the  middle  district  (coloured  green  in  the  map),  extend 
on  the  eastern  side  of  Northumberland  and  Durham,  from 
Berwick-on- Tweed  to  the  river  Tees ;  but  from  thence  to  the 
river  Air  (near  Leeds),  only  the  lowest  beds  of  the  coal  form- 
ation occur,  which  contain  but  little  workable  coal.  The 
Yorkshire  and  Derbyshire  coal-field  commences  a  litde  north 
of  Leeds,  and  extends  in  breadth  east  and  west  about  twenty- 
five  miles,  from  Halifax  to  Abberford,  and  in  length  alwut 
seventy  miles,  from  Leeds  to  near  Nottlnghaip  and  Derby. 
The  breadth  decreases  southward,  being  little  more  than 
twelve  miles  in  Derbyshire. 
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able  repository  of  coal :  It  presents,  perhaps,  the  most  per^t 
model  of  a  coal  basin  of  any  in  Great  Britain ;  the  coal  strata 
occupy  a  space  of  about  ten  miles  in  length,  and  six  in  breadth  : 
the  millstone  grit  and  the  transition  limestone  on  which  they 
lie,  may  be  distinctly  observed  cropping  out,  on  its  northern 
and  we.stern  boundary. 

In  Somersetshire  and  Gloucestershire  there  is  a  consider- 
able coal-field  on  each  side  of  the  river  Avon  :  its  greatest 
extent  is  about  twenty  miles,  and  its  greatest  ascertained 
breadth  about  eleven  miles;  but  it  is  covered  in  many  parts 
by  the  secondary  strata,  consisting  of  red  marl  and  lias.  The 
deepest  coal  mine  in  England  is  in  this  coal-field;  the  depth 
of  the  pit  at  Redstock,  near  Bath,  being  409  yards. 

The  greatest  repository  of  coal  in  our  island  is  that  which 
extends  on  the  northern  side  of  the  Bristol  Channel,  1 00  miles 
in  length,  and  varying  in  breadth  from  five  to  twenty  miles. 
Further  information  respecting  many  of  the  English  coal- 
fields will  be  found  in  Chap.  VI 1 1. 

A  considerable  part  of  the  middle  district  (coloured  green 
in  the  map),  which  is  not  occupied  by  the  coal  formations 
above  enumerated,  is  covered  by  the  red  marl  and  sandstone, 
described  in  Chap.  XI.  As  the  sandstone  of  this  formatioD 
often  covers  the  coal  strata,  it  becomes  an  object  of  great 
interest  to  landed  proprietors  in  the  midland  counties,  who 
have  estates  at  no  great  distance  from  the  coal  districts,  to 
ascertain  whether  coal  may  not  extend  under  the  red  marl 
and  sandstone.  Some  observations  on  this  subject  are  given 
(pages  178.  and  179.),  which  the  author  is  persuaded  deserve 
the  attention  of  landed  proprietors.  The  search  for  coal 
under  the  red  marl  and  sandstone  in  Somersetshire  has  been 
eminently  successful ;  and  coal  has  in  some  instances  been 
found,  by  sinking  through  both  lias  and  red  sandstone. 

The  principal  repositories  of  rock  salt,  and  the  strongest 
springs  of  brine,  are  situated  in  the  red  marl  of  Cheshire, 
and  near  Droitwich,  in  Worcestershire.  (See  pages  252.  and 
253.)  In  this  formation  the  principal  beds  of  gypsum  are 
found :  it  is  fretjuently  associated  with  rock  salt.  (See 
Chap.  XI.) 

One  of  the  most  remarkable  features  of  the  middle  dis- 
trict, is  the  occasional  occurrence  of  various  rocks  {in  situ)  of 
granite,  slate,  and  sienite,  belonging  to  the  class  of  primary  or 
transition  rocks:  they  rise  through  tlie  secondary  strata,  and 
appear,  from  various  circumstances,  to  have  once  occupied  a 
considerable  portion  of  the  midland  counties,  extending  from 
Lciceaterahire  to  Warwickshire,  Worcestershire,  Gloucester- 
N  N  3 


• 


i 


550  APPENDIX. 

shire,  Somersetaliire,  anil  Devonshire.  The  secondary  s 
of  England,  from  lias  to  chalk  (coloured  yellow  in  the  mop), 
[ire  pretty  fully  described  in. Chaps.  XII.,  XIII.,  and  XIV. 
The  more  recent  or  tertiary  strata  {coloured  brown  in  ihe 
map,  and  marked  2  2),  are  described  in  Chaps.  XVI.  and 
XVI],  The  basalt  dyke  of  Cleveland,  which  runs  through 
the  North  Hiding  of  Yorkshire  into  Durham,  is  described, 
with  other  basaltic  rocks  in  England,  in  Chap.  IX..  and  the 
alluvia]  beds,  marked  III,  are  described  iti  Chap.  XXI,  A 
description  of  many  of  the  mining  iliiitricts  of  England  and 
Wales  will  be  found  in  the  chapter  on  metallic  veins. 

It  now  remains  to  notice  the  sections  in  different  parts  of 
England.  A  section,  to  possess  much  value,  should  be  made 
as  nearly  as  possible  along  the  true  line  of  the  dip  and  rise  of 
the  strata.  We  possess  no  true  line  of  dip  in  England,  which 
passes  through  all  the  different  classes  of  rock  ;  and  it  is  only 
misleading  the  reader,  to  represent  the  succession  of  rocks  out 
of  their  true  situation.  The  section  of  the  secondary  strata, 
with  a  small  portion  of  the  tertiary,  given  at  page  234^  repre- 
sents the  succession  of  the  different  secondary  formations,  Ironi 
chalk  to  the  lowest  new  red  sandstone,  taken  in  a  line  from 
the  chalk  hills  north-west  of  London,  to  the  transition  rocks 
south  of  the  Mulvern  Hills,  in  Herefordshire.  But  in  this 
line,  the  lower  red  suEidstone,  and  magnesinn  limestone  are 
wanting. 

If  we  draw  another  line  across  England,  through  Durham 
and  Cumberland,  from  the  German  Ocean,  near  Sunder- 
land, to  the  Irish  Channel  [see  section,  Tlnte  VII.)  we 
may  observe  the  magnesian  limestone  a  forms  the  uppermost 
rock  of  the  series;  nil  the  secondary  strata  above  this  form- 
ation arc  here  wanting;  it  is,  however,  probable  that  ihev 
may  once  have  extended  Into  the  German  Ocean,  in  the 
order  represented  at  page  234.  l"he  mngnesiao  limestone  a 
lies  unconformably  upon  the  coal  strata,  which  rise  to  the 
west,  D  B ;  at  X  tlie  strata  are  broken  by  tlie  Burireeford  Ba- 
salt Dyke,  c  c  represents  the  lower  beds  of  the  coal  strata, 
with  mountain  limestone;  they  terminate  at  the  mounlsin 
called  Cross  Fell,  5.  The  lower  part  of  this  mountain  is 
composed  of  mountain  limeslune  and  greywacke;  a  little 
to  the  west,  the  beds  are  broken,  by  nearly  vertical  beds  of 
trap  and  sienite.  In  the  Vale  of  Eden  is  Penrith  Beacon,  4. 
This  vale  is  covered  by  beds  of  conglomerate  and  red  sand- 
stone. Tlie  lofly  mountains,  e  E,  that  surround  rhe  lakes  of 
Cumberland  an<l  Westmoreland,  are  skirted  by  beds  of 
mountain  limestone;  but  the  higher  mountains  are  chitSj 
lomjiosed  of  slale,  feJspnr,  poi]iliyry,  and  grevwnckc.     '" 
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iiite  occurs  at  the  bnse  of  Skiddaw  and  Saddleback,  and  at 
Coldback  Fell.  1,  is  Sea  Fell,  the  highest  mountain  in  tiiia 
group;  2,  Skiddaw;  and  3,  Helvelljn.  Farther  west  we 
come  upon  the  coal  strata  of  Whitehaven,  dipping  west,  and 
covered  by  iinconforniahle  secondary  strata.  Some  of  the 
more  remarkable  rocks  in  the  mountains  round  the  lakes  are 
described  in  Chap.  VII.  Plate  II.  fig.  4.  represents  the  ar- 
rangement of  the  strata  in  the  central  part  of  England,  passing 
in  a  line  nearly  east  and  west,  though  the  low  granile  range 
at  Charnwood  Forest,  in  Leicestershire :  e,  on  ihe  right- 
hand  side  of  the  plate,  represents  lias  resting  on  red  marl 
and  sandstone,  a.  The  granite  and  slate  rocks  are  represented, 
b  b  c  c,  partly  covered  l>y  horizontal  beds  of  red  marl  and 
sandstone:  dd  are  the  coal  strata,  near  Whitwick,  much 
elevated  as  ihey  approach  the  Forest  Hills.  A  little  out  of 
the  line  of  section,  are  represented  the  elevated  beds  of  moun- 
tain limestone  at  Breedon  and  Clouds  Hill,  part  of  which 
limestone  Is  continued  to  the  Forest  Hills  at  Grace  Dieu. 
For  a  more  particular  account  of  this  section,  sec  Chaps. 
X.and  XXII.;  and  for  an  account  of  the  sections  near  Dud- 
ley, in  Staffordshire,  see  Chap.  VII. 

This  brief  sketch  of  the  geology  of  England,  with  tlie  re- 
ferences to  the  map,  sections,  and  chapters  in  this  volume, 
may  suffice  to  give  the  reader  a  general  view  of  the  geology 
of  England,  and  the  situation  of  its  principal  mineral  reposi- 
tories. I  shall  subjoin  an  account  of  the  thermal  waters  qf 
England,  and  of  a  lew  celebrated  thermal  waters  on  the  Con- 
tinent, and  a  table  of  the  height  of  mountains. 


Temperature  of  the   Tliennal  Waters   in  England,  and  some 
otha-  Parts  of  Europe. 


Bristol         -----     T*" 
Matlock 66 

»  Buxton 82 

Bath     -  -  -  -     112°  and  116 

Vichy  (Auvergne)  -  -  -   120 

Carlsbad  (Bohemia)     -  -  -  165 

Aix  la  Chapelle  (Flanders)  -  -  143 
Aix  les  Bains  (.Savoy)  -  .  -  117 
Leuk  (in  the  Haut  Valais)  1 1?"^  to  126 
Bareges  (South  of  France)  -  -  120 
For  an  account  of  the  thermal  waters  in  the  Alps,  see 
p.S55. 
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WenJorer  Down,  Bucking- 
hatnahire  ...     905 

Wbemslde,  in  InglctOD  FcUa, 
Yortshire  -  -  238* 


Whernside,  in  Kettlewell  Dale, 

Yorkshire  ...  S263 

White  Horse  HUl,  Berkjhire      893 
Wrekin,  Shropshire         -       •  13£0 


ifowilaini  in  Scotland. 

or  the  height  of  the  mountains  in  North  Britain  I  beliere  there  have 
]0t  hitherto  been  any  very  accurate  admeasurements  taken.  The  following 
ire  some  of  the  most  considerable,  with  the  heights  as  given  by  different 


Arthur's  Seat,  Edinburgh 
Sftlinbury  Craira  -       -    550 

Hartfell,  DiuntrieB-shu^  (sup- 
posed by  Mr.  Jameson  the 
highest  in  the  south  of 
Scotland)  .        .     2800  or  330^ 


Goatlicid,  Island  of  Arron 


£945 


The    most    southern   of   the 

Papa  of  Jura  .  .  8359 

Mount  Battock,  Kincardine. 

shire  -  .  .  3450 

Cairocorum  .         •       .  iOSO 

Ben.Nevis,  liivemeas.shire  .  4380 
Macdui,  in  the  Grampians,  ii 

stated,  by  late  admeasure. 

ments,  to  be  60  feet  higher 

than  Ben- Nevis. 


fienlomond,  Stirlingshire  •  3262 
Benlawers,  Perthshire  -  -  4051 
Ben  More,  Perthshire  .  -  3870 
Schehallieo      -        -  3281  or  35M 

Higheil  MonnlioHi  in  tte  Pennine  Alpi. 

Mont  Blanc       -         -         -  15,534  r  Aiguille  de  O^anl        -         -   I3,9fi« 

Horn  Cervin,  or  the  Matter-  Aiguille  d'Argend ere  -   13,370 

horn  .  -        -   15,105    The  Buct   ...  10,118 

Monte  RuKi  -  -  15,410 1  Dent  du  Midi  -  -  10,500 

Bighal  Mountaiiu  tn  Ihe  Su-iii  Aljit. 

The  Finsleraarhom    .         -   14,307|  The  Eiger  ...  18,380 

TheJun^raii  -  -  13,185    The  Month  Eiger         .      .  18,900 

The  Sdireckhom  -      -  I8,878|  The  Wetterhom         -         -  18,130 

N.B.  All  these  mountains  are  seen  from  the  diurchyord  at  Berne. 

Migheil  Siountaim  m  ol/icr  FarU  of  Earojie. 

Northern  Pyrenees 
Mont  Perdu,  ditto 
Vigne  Male,  ditto   - 
Le  i.'jlindre,  ditto  -  iu,oou 

jEtna,  Sicily  -  -  10,590 

Lu  Gran  S^so,  in  the  Apen- 
nines -  •       -      8455 
Mont  Velino,  diHo  -      7800 


-  10,9+5        in  France             .  .  6700 

Mont  d'Or,  ditto         -  -  6180 

Canlal,  ditto         -  -  GI50 

Puy  de  Dome,  ditto  -  4750 

Vesuvius,  Naples      .  .  3900 

Mount  AthoB,  in  Greece  -  6780 

Very  few  mountains  in  Europe,  north  of  the  Alps,  exceed  the  beigbt  of 
eooo  feet.  Some  of  the  mountains  in  the  chain  that  separates  Norway 
from  Swcdea  rather  exceed  that  hdghi. 

Lowctt  lAne  of  Eternal  Snow. 


ON  THE  THERMAL  WATERS  OF  THE  ALPS. 


This  paper  was  publishetl  by  the  Author  in  the  "  Pliiloso< 
phical  Magazine  and  Annals,"  January  1827;  and  a  nearly 
similar  account  was  given  in  his  "Travels  in  the  Tarentaise," 
in  1823.  The  thermal  waters  of  the  Alps  had  before  been 
regarded  as  merely  local  and  unconnected  phenomena,  scarcely 
deserving  the  notice  of  geologists. 

M^hen  we  approach  a  range  of  lofty  mountains,  like  tliat 
of  the  Pennine  Alps,  and  observe  the  calcareous  strata  on  the 
outer  part  of  the  range  bent  and  contorted  in  various  dlrec* 
tions;  when  we  further  observe  beds  of  limestone  and  pud- 
ding-stone alternating  and  placed  in  an  elevated  position,  as 
we  advance  to  the  central  part  of  the  range;  and  that  the 
beds  of  granite  in  the  central  part  are  frequently  vertical  ;  we 
feel  assured  that  their  present  contorleii  or  vertical  position, 
is  not  the  original  one.  The  opinions  of  geologists  have  been 
much  divided  respecting  the  cause  or  causes  thai  have  elevated 
mountains,  and  given  a  vertical  position  to  beds  that  once 
formed  the  bottom  of  the  ocean.  Those  who  maintain  ih&t 
subterranean  heat  has  expanded  and  broken  die  solid  crust  of 
the  globe,  and  has  raised  from  vast  depths  the  ancient  bed  of 
the  ocean,  appeal  to  a  cause  that  is  known  to  exist,  and  which 
seems  sufficient  to  explain  most  of  the  various  appearances 
which  Alpine  regions  present- 
In  opposition  to  this  theory,  it  is  asserted  that  there  are  no 
remaining  vestiges  of  the  action  of  subterranean  iire  in  the 
Alps:  but  this  I  am  convinced  is  erroneous.  It  is  true  that 
from  near  the  source  of  the  Rhone,  to  the  foot  of  the  Little 
St.  Bernard,  there  does  not  occur  any  known  rock  of  a  vol- 
canic character,  with  the  doubtful  exception  of  some  rocks  in 
the  valley  of  Sass,  ond  in  the  Valorsine.  1  have  examined 
various  parts  of  this  range  on  the  northern  side  of  the  highest 
mountains  in  the  Alps,  along  a  line  of  one  hinidred  and  twenty 
miles;  and  though  I  could  discover  no  indications  of  the  ac- 
tion of  subterranean  heat  in  the  rocks  themselves,  I  was  greatly 
surprised  to  observe  the  numerous  thermal  springs  that  are 
abundantly  gushing  out  at  the  feet  of  the  primary  mountains, 
near  the  junction  of  the  mica-slate,  or  the  dark  schist  passing 
into  the  mica-slate,  with  the  lowest  calcareous  beds  of  that  vast 
series  of  limestone  strata,  which  forms  the  outer  ranges  of  the 
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side  of  Mont  Blanc.  The  thermal  water  rises  near  the  junction 
of  mica-slate  and  limestone.  The  temperature  9i°  to  98". 
This  spring  wus  discovered  about  the  year  1806  :  it  is  veiy 
copious.  Balhs  have  lately  been  erected,  and  are  mucu 
frequented. 

Aix  LES  Bains,  in  Savoy ;  —  the  temperature  from  112°  to 
in".  The  thermal  waters  rise  in  great  abundance  from  two 
springs,  situated  at  the  foot  of  a  lofly  calcareous  mountain,  and 
are  near  the  bottom  of  the  great  calcareous  formation  that 
forms  tlie  outer  range  of  the  Alps :  there  are  also  numerous 
hot  springs  in  the  vicinity,  which  the  Sardinian  government 
will  not  allow  to  be  opened.  Of  the  mode  of  douching 
at  these  baths,  1  have  given  a  particular  account  in  tlie 
first  volume  of  my  Travels  in  Savoy,  Switzerland,  and  Au- 
xtergiie.  The  thermal  waters  of  Aix  were  well  known  to  the 
Romans. 

MouTiERS,  ill  the  Tarmtaise. — The  thermal  waters  rise  in 
great  abundance  from  the  bottom  of  a  nearly  perpendicular 
mass  of  limestone.  From  the  position  of  this  rock,  and  its 
connection  with  those  on  the  opposite  side  of  the  valley,  in 
which  the  hot  springs  rise,  I  have  no  doubt  that  it  is  the 
lowest  calcareous  bed  in  that  part  of  the  Alps ;  but  its 
junction  with  mica  or  talcose  slute  is  not  here  seen.  The 
thermal  waters  of  Moutiers,  contain  obout  two  per  cent,  of 
saline  matter,  chiefly  common  salt.  The  piocess  of  ex- 
tracting it,  I  have  described  in  the  Philosophical  Magazine^ 
vol.  Ixiii.  p.86. 

Brida,  in  the  Tarenlaise. — The  thermal  waters  of  Brida 
were  noticed  in  the  ancient  records  of  Savoy,  but  they  were 
covered  during  a  sudden  inundation  of  the  valley,  and  their 
situation  was  concealed  for  many  years.  In  the  summer  of 
1819,  another  inundation,  occasioned  by  the  breaking  down 
of  the  side  of  the  glacier,  laid  open  the  spriug  again.  The 
rock  from  which  the  spring  rises  is  a  greenish  talcose  slate, 
passing  into  mica-slate :  it  is  in  junction  with  limestone.  The 
temperature  of  the  Hater  is  from  93°  to  97°  Fahrenheit.  The 
geological  position  of  this  spring,  is  more  obvious  than  that 
of  any  of  the  other  thermal  waters  which  I  visited,  being 
situated  close  to  the  steep  bank  of  the  river  Doron,  where 
both  the  rocks  are  laid  bare.  There  are  some  warm  springs 
on  the  opposite  bank  of  the  river,  which  rise  in  limestone : 
but  the  tem|>cralure  is  lower,  owing  lo  an  intermixture  with 
common  water. 

Saute  de  Pucelle,  or  firgin's  Leap.  —  There  is  a  very 
copious  Uiermal  spring  rbing  from  the  bottom  of  a  perpendi- 
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cular  rock  near  the  Is^re,  between  the  town  of  Moatiers  and 
St.  Maurice,  at  the  foot  of  the  Little  St.  Bernard ;  but,  owing 
to  the  difficulty  of  access  to  it,  I  did  not  visit  it,  to  ascertain 
its  temperature. 

Beside  the  above  thermal  waters  in  the  Pennine  Alps, 
various  thermal  springs  were  discovered  in  the  adjacent  Alps, 
near  Grenoble,  in  the  year  1820 ;  and  it  seems  probable,  that 
a  series  of  these  springs  might  be  found,  were  proper  search 
made,  extending  westward  to  the  thermal  waters  of  the  Py- 
renees; for  in  this  line  we  should  approach  the  southern 
border  of  the  volcanic  district  of  France.  On  the  Italian  side 
of  the  Pennine  Alps  there  are  also  thermal  waters :  the  warm 
baths  of  Cormayeur  and  of  St.  Didier  are  situated  almost  im- 
mediately under  the  southern  escarpment  of  Mont  Blanc.  I 
was  prevented  by  the  weather,  from  examining  the  geological 
position  of  these  springs :  their  temperature  is  stated  to  be 
94^  of  Fahrenheit.* 

The  inference  that  may  be  drawn  from  the  geological  posi- 
tion of  these  thermal  waters  near  the  junction  of  the  calcareous 
beds  with  mica-slate,  or  the  dark  schist  which  passes  into 
mica-slate,  is,  that  the  waters  do  not  rise  from  the  upper  strata, 
but  spring  out  of  the  lower  or  primary  rocks ;  and  as  they  break 
out  near  the  feet  of  the  highest  range  of  the  Alps,  that  extend 
from  the  northern  side  of  the  Simplon  through  the  Valais 
and  Savoy  into  France,  we  may  with  much  probability  infer, 
that  these  mountains  are  situated  over  or  near  to  one  com- 
mon source  of  heat,  by  the  agency  of  which  they  were  origin- 
ally elevated,  and   their   beds   placed   in  a  position    nearly 
vertical.     This  inference  is  in  some  degree  supported  by  the 
well-attested  fact,  that  the  districts  where  the  hot  springs  are 
situated,  are  subject  to  great  and  frequent  convulsions,  parti- 
cularly in  the  upper  valley  of  the  Rhone.     In  the  year  1755, 
at   Brieg,    Naters,    and  Leuk,    the  ground  was  agitated  by 
earthquakes  every  day  from  the  1  st  of  November  to  the  27th 
of  February ;  some   of  the   shocks  were  so  violent,  that  the 
steeples  of  the  churches  were  thrown  down,  the  walls  split, 
and    many  houses    rendered    uninhabitable:    many    of  the 
springs  were  dried  up,  and  the  waters  of  the  Rhone  were  ob- 
served to  boil.     At  three  different  times  the  inhabitants  aban- 
doned their  houses,  and  fled  for  safety  into  the  fields.     It  has 
been  before  mentioned,  that  the  mountain  above  the  warm 
spring  at  Naters,  opened  during  the  time  of  the  great  earth- 

*  Nearly  all  the  thermal  waters  in  the  Alps,  emit  sulphureous  vapours, 
and  are  slightly  saline,  except  the  waters  of  Leuk,  which  have  the  highest 
temperature,  and  are  inodorous,  and  free  from  saline  impregnation. 
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qimkc  at  Lisbon,  nnd  threw  out  hot  water ;  at  the  same  period 
tlie  warm  saline  springs  at  Moutiers  censed  lo  flow  for  fort^- 
eight  hours.  When  the  water  returned,  the  quantity  was 
said  to  be  increased,  and  the  saline  impregnation  was  weaker. 
Former  and  more  formidable  agitations  of  the  earth  are  re- 
corded in  the  Haul  Valais,  particularly  in  the  district  where 
the  principal  hot  springs  are  situated.  The  last  earthquake  of 
consequence  in  the  Valais  took  place  in  January,  1803. 

1  am  informed  that  several  of  the  retired  valleys  on  the 
Italian  side  of  the  Alps,  iit  the  foot  of  the  central  chain,  ere 
subject  to  earthquakes,  during  which  the  ground  has  openet! 
or  sunk  down  in  vnrious  parts,  though  these  effects  have  been 
too  local,  to  excite  attention  at  a  distance.  From  these  facts, 
it  seems  as  reasonable  to  infer  that  the  thermal  waters  of  the 
Alps  owe  their  high  temperature  to  subterranean  fire,  as  that 
the  hoi  springs  in  countries  that  have  formerly  been  volcanic, 
derive  their  warmth  from  an  internal,  unextinguished,  but 
<|uiescent,  source  of  heat.  No  person  who  has  attentively 
examined  the  lofty  granitic  plain  to  the  west  of  Clermont  Fer- 
rand  in  France,  aiid_  observed  the  granite  in  various  parts 
pierced  through  by  ancient  volcanoes  that  have  poured  cur- 
rents of  lava  over  its  surface,  or  seen  other  parts,  where  the 
granite  itself  has  been  changed  by  its  contiguity  to  subter- 
ranean fire,  or  upheaved  ond  intermixed  with  volcanic  rocks ; 
— no  one,  I  say,  who  has  observed  this,  can  doubt  that  the  hot 
springs  of  Mont  d'Or  and  Vichy,  derive  their  high  temper- 
ature from  a  source  of  heat  situated  beneath  the  granite  moun- 
tains, though  ages  have  passed  away  since  the  volcanoes  of  lliat 
coimlry  have  Been  in  an  active  state,  and  the  only  proof  of 
the  present  existence  of  subterranean  fire  in  Auvergne,  is  to 
be  found  in  the  hot  springs  themselves.  Nor  can  any  ado 
quate  reason  be  assigned,  for  attributing  the  high  temperature 
of  the  thermal  waters  in  the  Alps,  to  any  other  cause  than  to  a 
source  of  subterranean  fire  under  these  mountains, —  a  cause 
which  is  sufficient  also  to  have  produced  their  original  eleva- 
tion. It  is,  however,  proper  to  state,  that  in  some  of  the  moun- 
tains of  theAtps,  the  temperature  may  be  slightly  increased  by 
a  cause  hitherto  unnoticed.  In  the  upper  part  of  the  secondary 
formations  covering  the  granite,  there  are  Ijcds  of  gypsum, 
and  this  gypsnm  is  anhydrous ;  but  when  exposed  to  air  and 
moisture,  it  combines  with  water,  and  passes  to  the  state  of 
common  gypsum  :  during  this  combination  we  may  suppose 
heat  to  be  evolved  ;  but  the  process  must  be  extremely  slow, 
and  the  heat  evolved,  must  be  totally  iiiadeqiiate  to  raise  the 
temperature  of  powerful  streams  to  126°.     Saussure  found 
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the  temperature  of  the  water  in  the  lower  part  of  the  salt 
mines  of  Bex,  which  are  situated  in  the  vicinity  of  gypsum, 
Jto  be  four  degrees  of  Reaumur  higher  than  the  mean  temper- 
ature of  the  earth.  It  is  not  improbable,  thouirh  Saussure 
was  not  aware  of  the  circumstance,  that  this  small  increase  of 
temperature  in  the  mines  of  Bex,  might  be  partly  owing  to  the 
combination  of  water  with  gypsum :  however,  an  increase  of 
temperature,  it  is  well  known,  is  observed  in  deep  mines,  &r 
removed  from  the  gypsum  formation. 

In  reply  to  what  I  have  advanced  respecting  the  thermal 
waters  in  the  Pennine  Alps,  it  may  be  said,  that  few  thermal 
springs  have  been  yet  discovered  in  the  northern  range  of  the 
Alps  which  form  the  Bernese  Oberland ;  but  the  diflerence  in 
the  geological  structure  of  the  two  ranges  will,  I  conceive,  be 
sttflScient  to  explain,  why  hot  springs  are  more  rare  in  the  lat- 
ter than  in  the  southern  range.  Most  of  the  highest  moun- 
tains in  the  Bernese  Alps  are  covered  with  secondary  strata; 
and  the  valleys  are  chiefly  excavated  in  these  strata,  or  in 
enormousbeds  of  sandstone  and  conglomerate,  that  form  a  thick 
intervening  mass  between  the  surface  and  the  primary  rocks, 
sufficient  to  obstruct  the  rise  of  tliermal  watera ;  for  it  has 
before  been  stated,  that  all  the  thermal  waters  in  the  Pennine 
Alps,  issue  from  the  primary  rocks,  or  near  their  junction  with 
the  lowest  calcareous  strata. 


APPENDIX. 


ON  THE  TEMPERATURE  OF  MINES  AND  WELLS. 

It  was  stated  in  Chap.  XXIV.  that  the  temperature  of  the 
water  in  Artesian  wells  (or  those  wells  formetl  by  boring) 
had  been  found  in  France  to  increase  about  1°  centigrade  for 
25  metres  in  depth.  But  this  increase  of  temperature  is  some- 
times variable  in  different  situations.  France  has  been  the  seat 
of  active  volcanoes  at  no  remote  geological  epoch ;  and,  in 
the  volcanic  districts,  there  are  numerous  hot  springs  remain- 
ing: it  is,  therefore,  not  improbable  that,  in  the  southern  and 
central  departments,  the  increase  of  temperature  with  the 
increase  of  depth  in  Artesian  wells,  may  be  derived  from  the 
remains  of  volcanic  heat.  In  Kngland,  many  borings  for 
water  have  been  executed  ;  but  I  am  not  aware  of  any  expe- 
riments having  been  made  on  the  water  to  ascertain  the  tem- 
perature. At  Boston,  in  Lincolnshire,  water  was  bored  for 
to  the  extraordinary  depth  of  600  feet :  the  boring,  during 
the  whole  depth,  was  in  clay;  and  the  experiment  was  unsuc* 
cessful,  no  good  water  being  obtained.  It  is  to  be  regretted 
that  the  temperature  of  the  water  at  that  depth  had  not  been 
ascertained. 

Many  experiments  have  been  made  on  the  temperature 
both  of  the  air,  the  water,  and  the  rocks  in  mines,  at  different 
depths  ;  and  the  general  results  of  each  have  indiaited  a  con- 
siderable increase  of  heat  with  the  increase  of  depth.  In 
Dolcoath  copper  mine,  Mr.  Fox  found  the  temperature  of  the 
water  (at  about  4'80  yards  from  the  surface)  to  be  more  than 
so"  of  Fahrenheit  above  the  mean  temperature  of  the  country. 
A  thermometer,  plunged  into  the  earthy  matter,  at  the  bottom 
of  another  mine  in  the  same  county,  400  yards  deep,  and 
which  had  been  inundated  for  two  days,  was  raised  58°  above 
the  mean  temperature.  I  apprehend  that  in  these  instances, 
and  in  many  others  that  have  been  stated,  one  source  of 
error  has  not  been  sufficiently  attended  to,  viz.  the  increase  of 
beat  by  chemical  changes  that  are  taking  place  in  the  mineral 
substances  in  mines,  from  access  to  water  or  the  atmosphere. 
I  was  informed  by  working  miners  in  Cornwall,  that  they 
could  generally  tell  when  they  were  approaching  to  a  copper 
lode,  by  the  increased  warmth  of  the  water ;  but  this  was  not 
the  case  when  ihey  came  to  a  lode  of  tin  ore.  The  cause  of 
this  warmth  seems  very  intelligible:  the  copper  ore  of  Cornwall 
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the  temperature  of  the  water  in  the  lower  part  of  the  salt 
mines  of  Bex,  which  are  situated  in  the  vicinity  of  gypsum, 
JU>  be  four  degrees  of  Reaumur  higher  than  the  mean  temper- 
ature of  the  earth.  It  is  not  improbable,  thouirh  Saussure 
was  not  aware  of  the  circumstance,  that  this  smaU  increase  of 
temperature  in  the  mines  of  Bex,  might  be  partly  owing  to  the 
combination  of  water  with  gypsum :  however,  an  increase  of 
temperature,  it  is  well  known,  is  observed  in  deep  mines,  fiir 
removed  from  the  gypsum  formation. 

In  reply  to  what  I  have  advanced  respecting  the  thermal 
waters  in  the  Pennine  Alps,  it  may  be  said,  that  few  thermal 
springs  have  been  yet  discovered  in  the  northern  range  of  the 
Alps  which  form  the  Bernese  Oberland ;  but  the  difference  in 
the  geological  structure  of  the  two  ranges  will,  I  conceive,  be 
sufficient  to  explain,  why  hot  springs  are  more  rare  in  the  lat- 
ter than  in  the  southern  range.  Most  of  the  highest  moun- 
tains in  the  Bernese  Alps  are  covered  with  secondary  strata; 
and  the  valleys  are  chiefly  excavated  in  these  strata,  or  in 
enormousbeds  of  sandstone  and  conglomerate,  that  form  a  thick 
intervening  mass  between  the  surface  and  the  primary  rocks, 
sufficient  to  obstruct  the  rise  of  thermal  waters ;  for  it  has 
before  been  stated,  that  all  the  thermal  waters  in  the  Pennine 
Alps,  issue  from  the  primary  rocks,  or  near  their  junction  with 
the  lowest  calcareous  strata. 


ON  THE  TEMPERATURE  OF  MINES  AND  WELLS. 


It  was  stated  in  Chop.  XXIV.  that  the  temperature  of  the 
water  in  Artesian  wells  (or  those  wells  foroied  by  boring) 
had  been  found  in  France  to  increase  about  1°  centigrade  for 
25  metres  in  depth.  But  this  increase  of  temperature  is  some- 
times variable  in  different  situations.  France  has  been  the  seat 
of  active  volcanoes  at  no  remote  geological  epoch ;  and,  in 
the  volcanic  districts,  there  are  numerous  hot  springs  remain- 
ing: it  is,  therefore,  not  improbable  that,  in  the  southern  and 
central  departments,  the  increase  of  temperature  with  the 
increase  of  depth  in  Artesian  wells,  may  be  derived  from  the 
remains  of  volcanic  heat.  In  England,  many  borings  for 
water  have  been  executed  ;  but  I  am  not  aware  of  any  expe- 
riments having  been  made  on  the  water  to  ascertain  the  tem- 
perature. At  Boston,  in  Lincolnshire,  water  was  bored  for 
to  the  extraordinary  depth  of  600  feet:  the  boring,  during 
the  whole  depth,  was  in  clay ;  and  the  experiment  was  unsuc* 
cessful,  no  good  water  being  obtained.  It  is  to  be  regretted 
that  the  temperature  of  the  water  at  that  depth  had  not  been 
ascertained. 

Many  experiments  have  been  made  on  the  temperature 
both  of  the  air,  the  water,  and  the  rocks  in  mines,  at  different 
depths;  and  the  general  results  of  each  have  indicated  a  con- 
siderable increase  of  heat  with  the  increase  of  depth.  In 
Dolcoath  copper  mine,  Mr.  Fox  found  the  temperature  of  the 
water  (at  about  480  yards  from  the  surface]  to  be  more  tlian 
so"  of  Fahrenheit  above  the  mean  temperature  of  the  country. 
A  thermometer,  plunged  into  the  earthy  matter,  at  the  bottom 
of  another  mine  in  the  same  county,  400  yards  deep,  and 
which  had  been  inundated  for  two  days,  was  raised  38°  above 
the  mean  temperature.  I  apprehend  that  in  these  instances, 
and  in  many  others  that  have  been  stated,  one  source  of 
error  has  not  been  sufficiently  attended  to,  viz.  the  increase  of 
heat  by  chemical  changes  that  are  taking  place  in  the  mineral 
substances  in  mines,  from  access  to  water  or  the  atmosphere. 
I  was  informed  by  working  miners  in  Cornwall,  that  they 
could  generally  tell  when  they  were  approaching  to  a  copper 
lode,  by  the  increased  warmth  of  the  water ;  but  this  was  not 
the  case  when  they  came  to  a  lode  of  tin  ore.  The  cause  of 
this  wanntli  seems  very  intelligible:  the  copper  ore  of  Coniwall 
o  u 
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ORBICULAR  PORPHYRY  AND  ORBICULAR  GRANITE 

OF  CORSICA. 

These  are  two  of  the  most  rare  and  beaatifiil  rocks ;  but 
little  is  known  respecting  their  relation  with  other  rocks  in 
that  island.  According  to  specimens  oF  considerable  size, 
whidi  I  haTe  before  me,  this  porphyry  is  composed  of  com- 
pact felspar,  varying  in  colour  from  a  greenish  to  a  reddish 
brown.  The  globvues  vary  in  diameter  from  one  third  of  an 
inch  to  three  inches.  The  most  perfectly  formed  globules 
have  a  small  globule  in  the  centre  of  each,  from  which  ranges 
of  minute  globules  diverge,  giving  to  the  large  globules  the 
appearance  of  a  radiated  diverging  structure,  more  or  less 
r^ular.  In  the  smaller  globules  there  are  concentric  circles, 
which  disappear  in  the  larger  ones,  except  near  their  super- 
ficies. The  paste  in  which  these  globules  are  Imbedded 
contains  also  minute  globules  of  lighter-coloured  felspar, 
variously  arranged.  The  larger  globules  are  some  of  them 
elongated,  as  if  they  had  been  in  fusion.  The  experiments  of 
Mr.  G.  Watt  on  basalt  (see  page  213.)  elucidate  the  formation 
of  orbicular  porphyry. 

The  globular  structure  was  probably  developed  during  the 
semiliquefaction  of  the  mass,  which  formed  globules,  instead 
of  perfect  crystals,  as  in  common  porphyry.  The  globules  in 
the  Corsican  porphyry  can  be  easily  detached  from  the  mass. 
Common  porphyry,  in  which  the  imbedded  felspar  occurs  in 
rounded  spots,  is  called  Variolite. 

The  orbicular  granite  of  Corsica  is  better  known  in  thb 
country :  it  is  a  finely  granitic  rock,  composed  of  white  fel- 
spar and  blackish  green  hornblende,  with  grains  of  quartz. 
In  this  rock  are  numerous  globules  composed  of  concentric 
coats  of  hornblende  and  felspar,  varying  in  diameter  from  one 
inch  to  three  or  four  inches.  In  the  centre  of  each  globule 
there  is  a  particle  of  hornblende.  The  globules  t^^pear  inti- 
mately united  with  the  rock  in  which  they  are  imbedded,  and 
cannot  be  detached  from  it.  The  orbicular  granite  takes  a 
more  even  polish  than  the  porphyry,  and  is  one  of  the  most 
beautiful  granitic  rocks. 
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ON  FRESHWATER  FORMATIONS. 

Dr.  Maccullocu  has  claimed  the  merit  of  being  the  fir^ 
writer  who  directed  the  attention  of  geologists  to  the  circum- 
stance, that  some  species  of  marine  animals  can  live  when 
removed  into  fresh  water.  But,  in  the  second  edition  of  this 
work,  published  in  1815  (p.  461.  and  462.),  I  stated  my  opi- 
nion that  the  evidence  of  certain  species  of  shells  being  marine, 
or  freshwater,  rested  on  too  slight  a  foundation ;  and  that  I 
was  informed  by  Mr.  Leckie  of  a  circumstance  which  proved 
that  marine  animals  have  greater  facilities  of  adaptation  than 
naturalists  ^nerally  suppose. 

*'  The  lake  of  Lentini  in  Sicily  is  stocked  with  a  sea  fish 
called  the  Cefalo  —  a  species  of  mullet  caught  in  the  Mediter- 
ranean, and  thrown  into  the  fresh  water  of  the  lake,  where 
they  not  only  live,  but  increase  greatly  in  size  and  improve  in 
flavour,  and  are  a  considerable  article  of  luxury  in  the  island. 
This  lake  has  no  communication  with  the  sea,  and  is  chiefly 
filled  with  rain  water." 

The  evidence  of  certain  geological  formations  being  marine 
or  freshwater  cannot  rest  securely  upon  the  occurrence  of  a 
few  species  of  marine  or  freshwater  shells,  but  on  the  general 
character  of  the  assemblage  of  organic  remains.  If  shells 
belonging  to  species  or  genera  that  are  known  at  present  as 
inhabitants  of  rivers  or  lakes,  occur  with  abundant  remains  of 
terrestrial  animals  and  vegetables  in  particular  strata,  and  no 
marine  species  are  mixed  with  them,  we  can  have  little  doubt 
that  such  strata  were  deposited  in  fresh  water :  nor  would  the 
freshwater  origin  of  the  strata  be  invalidated  by  the  admix- 
ture of  a  few  individuals  of  marine  species ;  because  we  might 
with  probability  infer,  either  that  the  animals  were  capable 
of  living  in  fresn  water,  or  that  they  had  been  drifted  by  high 
tides  or  inundations.  The  character  of  the  formation  must 
be  taken,  as  before  mentioned,  from  that  of  the  assemblage  of 
organic  remains. 
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SoMB  fossils  are  named  in  the  present  Tolume  without  any  explanation  :  it  has, 
therefore,  been  thought  desirable,  for  the  beneBt  of  the  geological  student,  to 
annex  a  glossary,  stating  the  division  or  class  of  animals  to  which  they  belong. 

The  letters  P.  O.  imply  that  there  is  a  description  in  the  Preliminary  Obserrl 
ations ;  M.  L.  and  T.  L.  stand  for  Mountain  or  Transition  Limestone ; 
L.  Lias ;  Oo.  Oolite ;  O.  s.  Green  sand ;  Ch.  Chalk  ;  Tr.  Transition  ; 
Sec  Secondary;  Ter.  Tertiary;  Rec  Recent;  Fos.  Fossil. 


Alcyonitesj      fossil     alcyonia. 

Zoophytes    nearly    allied    to 
.     sponges,    the   production    or 

habitation  of  polypi.  Rec.  and 

Fos. 
Ammonite.     See  P.  O.     Sec. 
Ananchytesy     a    helmet-shaped 

echinus.     Fos.  Ch. 
Afiomioy  a  bivalve  with  one  valve 

perforated. 
Baculite,     See  P.  O.     Fos. 
JBelemnite.    See  P.  O.  Fos.  Sec. 
JBuccinum.  See  P.O.    Rec.  and 

Fos. 
Can/ophyiiioy  a  branched  madre- 
pore with  a  star  at  the  end  of 

each  branch ;  each  star  has  a 

mouth  and  tentacula.    M.  L. 

Fos. 
Cerithium,   a  univalve   turricu- 

lated  shell.     Ter. 
Crinoidea,  lily-shaped  encrinites. 
Dudley  fossUy  trilobite.    Plate  5. 

Tr. 
Echinite  fossily  various  species. 

Sec. 
EchinuSy  sea  urchin. 
Encrinite.    See  P.  O.     Tr.  and 

Sec. 
Entrochiie.    See  P.  O.    M.  L. 

o  o 


EuamphaluSy  univalve  uncham- 
bered  shell,  involute  and  com- 
pressed.    M .  L. 

Funuy  a  spindle-shaped  uni- 
valve. 

Gryphea  arcuatay  or  eryphite, 
a  deeply-curved  bivalve  shell 
with  a  flat  lid.     L. 

G.  dilatatOy  the  sides  more  ex- 
panded. Oo.  Some  species 
of  Gryphea  are  still  living. 

Hamite.     See  P.  O.     G.  s. 

Helixy  shells  of  the  snail  family, 
terrestrial  and  aquatic 

HippurUe.     See  P.  O.     Ch. 

lanthina*     See  P.O.     Rec 

Inoceramusy  a  bivalve  with  an 
oblique  beak.     Ch. 

Lily  encriniie.     See  p.  240. 

Lymnea,  a  freshwater  univalve, 
Rec  and  Fos.:  the  shells  some- 
times called  Lymnites.    Ter. 

Madreporesy  stony  polypi,  with 
concentric  lamellae,  resembling 
stars.  In  a  living  state,  the 
stony  matter  is  covered  with 
a  skin  of  living  gelatinous 
matter,  fringed  with  little 
bunches  of  tentacula:  these 
are  the  polypi :  the  skin  and  the 

4. 
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polym  contract  on  the  slightest 
touciu — Cumer,  Madrepores 
are  sometimes  united  and 
sometimes  detached:  where 
the  laminae  take  a  serpentine 
direction,  they  are  called 

Meandrinoj  or  brain  stone. 

Nmuaus.  See  P.O.  Rec  and 
Fos. 

Nummuiiie.  See  P.O.  Fos.Ter. 

OrikoceraHie.    See  P.  O. 

Paludinoj  a  freshwater  univalve, 
nearly  resembling  the  shell  of 

'    a  snad.    Wealden. 

PateUoj  the  limpet  shelL  Rec* 
and  Fos. 

PectKneuluSftta  orbicular  bivalve. 
Sec.  and  Ter. 

PianarbiSf  a  discoidal  univalve 
freshwater  shell,  nearly  re- 
sembling an  ammonite,  but 
without  chambers.    Ter. 


ProduduSf  a  nearly  semiglobular 
bivalve,  the  lid  nearly  flat 
M.L.    . 

SctjgpkUe.     See  P.O.    G.s. 

Septaria^  stones  divided  into 
cells  or  partitions,  common 
in  argillaceous  strata;  some- 
times the  cells  are  empty. 

Spatemgusy  a  species  of  fossil 
echinus.     Ch. 

Spiryku    See  P.O.* 

Sponges^  living  and  fossfl.  The 
flints  in  chalk  are  frequently 
silicified  remains  of  sponges. 

TerdtraJtuloy  a  bivalve  wiw  an 
advanced  and  curved  beak, 
which  is  perforated.  Nume- 
rous species.    Rec  and  Fos. 

TrUobiUydL  crustaceous  fossil  ani- 
mal   See  Plate  5.     T.  JL 

Turrilite.    See  P.  O.    G.  s. 

Vegetable  fossils.  See  Chi^IL 


*  In  adfition  to  the  detcriptian  of  the  Spinilm  in  tbe  PreUminaiy  Observ- 
atk>nt,  it  may  be  proper  to  notice,  that,  according  to  Lamarck,  the  anhnttl,  beude 
tbe  eigbt  arms  of  the  sepia  (see  fig.  1.  plate  8.),  has  two  longer  arms  or  fe«4erB : 
in  this  respect  it  resembles  the  Caimar,  which  is  commoa  on  the  coasts  of  £iirope. 
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A. 

AsYMES  de  MyarUy  464. 

Adamantine  spar^  or  crystallised  alumine,  46. 

AgatCy  nodules  of  in  wacke  and  basalt,  210. 

Agesy  relativcy  of  rocks  and  strata,  69.  77  ;  how  to  be  ascertained, 

S48,  S49 ;  evidence  of  from  position  and  organic  remains,  349 ; 

of  the  faluns  of  the  Loire,  S58 ;  of  volcanoes,  414. 
Age,  geological,  of  palseotheria,  of  mastodons,  of  elephants,  356,  357. 
Aiguilles,  or  needle-shaped  granitic  rocks  in  the  Alps^  77.  85. 
Aigmlle  de  Dru,  a  pyramidal  granitic  mountain,  4O00  feet  high,  85. 
Alpine  limestone,  or  calcaire  alpin,  145 ;  errors  concerning  it,  226. 
Alpnachy  strata  of,  tooth  of  the  mastodon  found  there,  328  ;  series 

of  the  strata,  329. 

coal  mine,  bones  of  large  mammalia  in  it,  177. 

Alhivial  dtpositiofUy  or,  mud  and  sand  brought  down  by  rivers,  458 ; 

instances  of  in  the  Yellow  Sea,  470 ;  in  the  Gulf  of  Mexico^ 

ib.;  in  the  Nile,  471. 
Alternation  of  marine  and  freshwater  formationsy  321  ;  h3rpothese8 

respecting  them,  328. 
Alumine,  or  pure  clay,  one  of  the  rarest  substances,  45 ;  the  sap* 

sphire  is  crystallised  alumine,  t^. 
Alum  shale,  266.  268. 
America,  North,  great  western  coal  field,  the  largest  in  the  known 

world,  539. 
American  serpent,  conjectures  respecting  it,  312. 

lakes,  a  table  of,  317. 

Amphibole,     See  Hornblende. 

Amygdaloid,  189;   containing  kernel-shaped  cavities  filled  with 

mineral  matter  of  a  different  kind,  55,  189.  210. 
Amygdaloidal  basalt  or  wacke,  210 ;  corallite  found  in,  ib. ;  alter- 
nates with  limestone,  211. 
Ancient  condition  of  England,  Mr.  Mantell*s  description  of,  287. 
Andes,  seat  of  active  volcanoes,  89 ;  Humboldt's  account  of,  90.    \ 
Angle  of  inclination  explained,  56. 62. 
Anhydrotis  gypsum,  devoid  of  water,  53 ;  occurs  in  beds  in  the 

Alps,  ib. ;  harder  than  common  gypsum,  ib, ;  and  see  Gypsum, 
Animal  kingdom,  division  of  by  Cuvier  into  radiated,  articulated, 

molluscous,  and  vertebrated,  30. 
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Ancploiheriumy  an  extraordinary  quadruped,  found  in  the  Paris 

gypsum,  S39. 
Anthracite,  a  species  of  coal  that  bums  without  smoke,  159.  161 ; 

of  Pennsylvania,  a  variety  of  common  coal,  180. 
Anticlinal  Une,  what,  62. 
Argillaceous  schistus*     See  Slate. 

Artesian  wells,  borings  for,  general  in  France  juid  Germany,  530. 
Articular  animals,  31,  32. 

Asbestus  occurs  in  the  partings  between  beds  of  serpentine,  113. 
Ashby-de-la-Zotich  coal  field,  section  of,  170. 
Asia  Minor,  tremendous  earthquakes  in,  about  the  fourth  century, 

371. 
Astronomical  causes  that  might  increase  the  ancient  temperature 

of  the  globe,  527* 
Atmosphere,  probably  denser  in  a  former  state  of  the  globe,  333. 
Auffite,  116. 

Auvergne,  geology  of,  396 ;  basalt  of,  209. 
Ava,  fossil  bones  from,  489. 
UAvilla,  M,,  his  interesting  work  on  conchology,  and  the  habits  of 

molluscous  animals,  43. 

B. 

Bagshot  Heath  sand  beds  rest  on  London  clay,  339. 

BakeweU,  Mr.  Robert,  of  Disfdey,  his  experiments  on  varieties  of 
breed  in  different  animals,  354. 

BalAstone,  134. 

Basalt,  one  of  the  family  of  trap  rocks  (Chap.  IX.),  composition  and 
varieties  of,  189;  passage  of  basalt  into  phonolite  or  clinkstone,  and 
into  pitchstone  and  trap-porphyry  and  trachyte,  190;  passage  of 
basalt  into  a  remarkable  porphyry  at  Christiania  in  Norway,  191 ; 
basaltic  dykes,  195,  196;  Cleveland  basalt  dyke,  197;  remark- 
able expansion  of  a  basaltic  dyke,  and  cut  of,  201 ;  imbedded 
basalt,  202 ;  protruded  basalt,  203 ;  columnar  basalt  of  the 
Giant's  Causeway,  206 ;  the  Isle  of  Egg,  207 ;  of  Iceland  and 
Auvergne,  209 ;  earthy  basalt  or  wacke  with  agates  at  Woodford 
bridge,  210 ;  organic  remains  in,  ib, ;  alternations  of  basalt  with 
limestone  in  Sicily,  21 1 ;  basalt,  experiments  on,  by  Mr.  G.  Watt, 
213;  by  Sir  James  Hall,  215  ;  theory  of  basalt  by  Werner,  its 
opposition  to  facts,  216,  217 ;  basalt  of  Massachusets  and  Nova 
Scotia,  218. 

Bears,  fossil  species  found  in  caverns,  supposed  to  be  extinct,  451. 

Beaumont,  M.  Elie  de,  his  division  of  the  tertiary  strata,  356 ;  on 
the  elevation  of  mountain  ranges.     See  Elevation. 

Beds.     If  a  stratum  exceed  two  or  three  yards  in  thickness,  it  is 
generally  called  a  bed,  56. 

Bind  or  clunch,  argillaceous  beds  in  coal  strata,  150. 172. 

Birds,  fossil  remains  of  rare,  35;  found  in  Stonesfield  slate,  33; 
and  in  the  Paris  basin,  35. 

Bitumen,  162. 

Bladi'leadp  or  plumbago,  161. 
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Block*  of  rocA,  transportation  of,  460;  scattered  on  distaDt  nioun- 
taina,  319;  speculations  on  the  mode  of  their  transportatiaa,  £19. 

Blue  JoAn.     See  Fluor  Spar. 

Boiling  springs.     See  Thermal  uxOtrt,  399. 

Boties,  analyses  of,  38. 

-,  fossil.     See  Organic  rematnt. 

Botaliack  mine  in  Cornwall,  *27. 

Boui,  M.,  a  distinguished  continental  gcoli^ist,  his  opinions  re- 
specting fossil  conchology.     See  Preface. 

Bovty  or  tuood  coal,  163.  175. 

Breccia,  angular  fragments  of  rock  cemented  together,  55. 

Brighton  clifft,  in  some  parts  similar  to  Norfolk  Crag.  3M  ;  teeth 
of  the  elephant  and  horse  found  in  them  by  Mr,  Mantell,  A, 

Brongniart,  M.  Adol.,  his  geological  classification  of  vetfetablea, 
43.  162. 

.  M.  Alex.,  168.  319. 

Bvekkmd,  Profeitor,  his  discoveries  at  Kirkdale  cave  gave  a  new 
impulse  to  geology,  452 ;  his  account  of  cavern  bones,  453 ; 
conjectures  respecUng  the  flying  lizards  at  Stonesfield,  33. 

Bunittoood  quarry,  168;  vegetable  remains  in,  ib. 

Burrh  stonei  or  millstones,  339. 


Coder  Idru,  crater  of,  193;  coluninar  basalt  of.  208. 

Cakaire  grosfier,  or,  coarse  limestone  of  Paris,  330;  oi^anic  re- 
mains in,  ifi.;  not  found  in  England,  331  ;  formation  of  in 
South  America,  tfi. 

xiliceux  of  the  Paris  basin,  331 ;  furnish  mill-stones,  ib. ; 

siliciate  of  magnesia  discovered  in,  ib, 

Calcartoue  saaditone  of  Australasia,  of  Cornwall,  of  Guadaloupe, 
22.  483. 

-  spar,  crystallised  limestone,  52;  many  hundred  forms 


-  tii/a,  477. 


n  of,  Chap.  XV.  301. 


Carl^n,  or  charcoal,  forms  a  constituent  part  of  many  sletc  rocks, 
47;  the  princi{ial  constituent  part  of  coal,  tfi. ;  combined  with 
oxygen  forms  carbonic  acid,  t6. ;  an  original  element,  162;  the 
principal  constituent  part  of  vegetables,  147;  from  whence  de- 
rived, 161. 
Carbonate  oflimf.,  or  limestone,  .'>3. 

Carbonic  acid,  or  fixed  air,  forms  a  constituent  part  of  limestone 

rocks,  47  ;  favourable  to  vegetation,  162. 

.  Carboniferous  limestone,  an  inappropriate  term,  142. 

f  CSatvnu,  formation  of,  Chap.  XX.  *40 ;  chiefly  occur  in  limestone 

rocks,  (A.;  subterranean  currents  and  rivers  in  caverns,  440 — 

t  Adlesberg,  441.  447  ;  in  the  Isle  of  Thermia,  444;  of 

Gaylenreuth,447;  of  Kirkdale,  4.52;  of  Miallet,540.  566;  caverns 

f  France,  &c.,  with  human  bones  and  bones  of 


PCarboniferout  limestone,  an  inappropriate  term,  142.  ^^^| 

CSatvnu,  formation  of.  Chap.  XX.  440 ;  chiefly  occur  in  limestone  ^^H 

rocks,  (A.;  subterranean  currents  and  rivers  in  caverns,  440 —  ^^^| 

447  ;  at  Adlesberg,  441.  447  ;  in  the  Isle  of  Thermia,  444 ;  of  ^^ 

Gaylenreuth,447;ofKirkda]e,4.52;ofMiallet,540.  566;  caverns  I 
'                  in  the  south  of  France,  &c.,  with  human  bones  and  bones  of 

L                 extinct  spedci  of  quadrupeds,  448.  451 ;  cavern  of  Rancogne,  ^ 
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Clif^sianey  or  phonolite,  190.  19S. 

ClotuTs  HiU  dohmUe  limestone^  singular  stratification  of,  132. 
Clunchy  or  indurated  clay,  450. 

Coal^  Chap.  VIII.  H? ;  mineral  varieties  of,  159 ;  coal  basins  or 
coal  fields,  foundation  rocks  on  which  they  rest,  148. 149;  series 
of  strata  comprising  a  coal  field,  151  ;  coal  fields  deranged  by 
faults,  153. 155;  coal  strata,  position  of,  illustrated,  157;  iron  stone 
accompanying  coal,  frequent  alternations  of,  168 ;  sinking  for 
coal,  158;  searching  for  coal  in  new  situations,  178,  179;  coal 
field  of  Derbyshire,  depth  and  structure  of,  149,  150 ;  coal  field 
of  Staffordshire,  remarkable  bed  in,  155 ;  of  Ashby  Wolds,  sec- 
tion of,  170;  coal  field  of  South  Wales,  the  largest  in  Great 
Britain,  152.  184;  coal,  duration  of  in  Northumberland  and  Dur- 
ham, 181.  542;  coal,  conversion  of  vegetable  matter  into,  173 
coal,  formation  of  in  freshwater  lakes  and  marshes,  148. 166 
lower  coal  formations  intermixed  with  marine  beds,  150,  151 
coal  called  wood  coal  or  lignite,  163.  176;   at  Cologne,  164 
wood  coal  elucidates  the  formation  of  mineral  coal,  164. 

Coal  JiM  of  the  vaUey  of  the  Mississippi^  the  largest  in  the  world, 
541 ;  its  position  illustrates  the  formation  of  coal  fields,  541, 
542. 

fields^  principal  of  England  and  Wales,  547. 549. 
•formnHotts  in  France,  181. 
^rcUa  in  the  Yorkshire  oolite,  272. 

Coast  of  Malabavy  elevation  ofj  471. 

Conyheare^  the  Rev,  W.  Z>.,  on  fossil  saurian  animals,  264,  265. 

Col  deBalmey  77. 

Cohy  or  depressions  in  mountain  ranges,  their  formation  explained, 
518;  passages  over  the  Alps  made  by  excavations  in  beds  of 
sofl  slate,  76. 

Columnar,  or  prismatic  structure,  57. 

Compact,  without  any  distinguishable  parts,  55. 

Compact  felspar,  or  eurite,  94. 

Conchdogy,  fossil,  not  sufficient  for  the  identification  of  strata  in 
distant  countries,  42. 

Conformable  position,  63. 

transition  rocks,  observations  on,  144. 

Conglomerates,  large  fragments  of  stone,  whether  rounded  or  an- 
gular, and  imbedded  in  clay  or  sandstone,  55, 126.244. 

Contemporaneous,  the  term  explained,  221 ;  formations,  225. 

Coral  islands  formed  by  polypi,  109;  Captain  Beechy's  account 
of,  ib, ;  coral  reef,  700  miles  in  length,  west  of  Australasia,  483. 

rag,  273,  276. 

Cordier,  M,,  his  mechanical  analyses  of  lava,  412 ;  his  theory  of 
central  heat,  531. 

Cwses  or  caves  of  Yorkshire,  443. 

Crag  of  N<nfolk,  Mr.  Woodward's  account  of  its  extent,  366. 

Craters  of  eruption,  and  craters  of  elevation,  Von  Buch*s  theory 
of,  385. 

Craven,  limestone  of,  136. 
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Crick  CUffi  arched  stratification  of,  189;  metallic  veins  in  it,  ib. 

Crocodiles^  fossil  remains  of,  very  common,  35.  285 ;  head  of,  found 
by  E.  Spencer  in  the  Isle  of  Sheppey,  S25. 

Cropping  otUy  in  miners*  language,  158. 

CroM  courses  in  veins,  4'27. 

Crust  of  the  globe,  comparative  thickness  of,  5.  187. 

Crystalline  or  primary  limestone  (Chap.  VI.)  oflen  intermixed  with 
mica  slate  and  serpentine,  107 ;  veins  of  metallic  ore  occur  in 
it,  ib. ;  the  white  variety  is  called  statuary  marble,  ib, ;  con- 
tains a  considerable  quantity  of  siliceous  earth,  ib,;  no  true 
statuary  marble  in  England  or  Wales,  108 ;  an  imperfect  variety 
in  Scotland,  ib, 

Cttmea,  ancient  city  of,  founded,  1200  years  before  Christ,  in  the 
crater  of  a  volcano,  393. 

Curved  strata,  where  the  strata  encircle  the  mountains  like  a 
mantle,  66 ;  instances  of,  in  the  Lake  of  Bourget,  67 ;  th^  Mon- 
tague de  Tuille,  68. 

Cuviers  classification  of  the  animal  kingdom,  30 ;  his  remarks  on 
comparative  anatomy,  336. 

D. 

Davbeny  Dr^  Chemical  Professor  at  Oxford,  on  the  geology  of 
Sicily,  21 1 ;  on  the  extinction  of  the  volcanoes  of  the  Rhine, 
403,  404. 

Density  of  the  earth,  4 ;  of  Saturn,  534. 

Dent  dAlen^on,  463. 

Denudations,  74.  516. 

Deskayes,  M,,  his  attempt  to  establish  the  relative  ages  of  form- 
ations by  organic  remains,  independent  of  superposition,  350 — 
352  ;  objections  to  his  system,  353 — 356. 

Desnoyers,  M.,  his  observations  on  the  human  bones  found  in  ca- 
verns, 448. 

Diabase.     See  Greenstone. 

Diablaret  mountains,  fossil  remains  on  their  summits^  223. 

Diallaye,  or  schiller-spar,  crystallised  serpentine,  52.  112. 

Dicotyledonous  plants,  39. 

Diluvian  agency,  its  effects  in  denudations  and  transportation  of 
blocks  of  rocks,  518. 

Diluvium,  or  diluvial  beds,  459 ;  fossil  remains  of  large  quadrupeds 
in,  484. 

Direction  of  a  metallic  vein,  420. 

Disintegration,  or  wearing  down  of  rocks,  459 ;  instances  of  in 
England,  460 ;  of  Mont  Grenier,  464 ;  rapidly  going  on  in  the 
Alps,  459;  causes  of,  468 ;  advantages  ofj  472. 

Dolerite,  composed  of  felspar  and  augite,  116. 

Dolomite,  a  magnesian  limestone.  111;  forms  vast  beds  in  the 
western  Alps,  ib. ;  Von  Buch's  theory  respecting  it,  ib. 

Dome-sheafed  mountains  in  Auvergne,  their  origin,  401. 

Druses,  or  hollows  in  metallic  veins,  421. 

Dudley,  transition  limestone  of,  128 ;  basalt  of,  212. 
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Dudley  fossiL    See  TriMnie, 

Durham  and  Northumberland  coal  mines,  probable  duration  of, 

181  ;  further  remarks  on  their  duration,  543. 
Zh/e  earth,  130. 
D^lce,  signifies  a  wall,  153;  basaltic,  195. 

E. 

Earth,  form  and  density  of,  Chap.  I.  4 ;  temperature  of,  higher 
at  a  former  epoch  than  at  present,  523 ;  observations  on  various 
sources  of  heat,  525 — ^533 ;  spheroidal  figure  of,  indicates  an  ori- 
ginal state  of  fluidity,  532,  533. 

Earths,  simple,  of  which  rocks  are  principally  composed,  when  pure 
are  infusible,  45. 

Earthy,  composed  of  minute  parts,  resembling  dried  earth,  55. 

EarihqucUces  and  volcanoes.  Chap.  XVIII.  367  ;  connection,  368 ; 
distance  to  which  earthquakes  extend,  369;  affect  distant  springs 
and  wells,  t^. ;  earthquake  at  Geneva,  371  ;  frequency  of  earth- 
quakes at  particular  periods,  ib. ;  at  Lisbon,  and  over  Europe, 
372 ;  earthquakes  more  powerful  in  mines  than  on  the  surface, 
373 ;  earthquakes  in  England,  374 ;  electric  theory  of  earth- 
quakes, 376 ;  earthquake  at  Valparaiso,  98. 

Eboukments,  461.  467. 

Elementary  substances^  of  which  the  solid  matter  of  the  globe  is 
composed,  45. 

Elephant,  fossil,  in  ice,  discovered  in  Siberia,  36 ;  living  elephants 
in  the  Himalayan  Mountains  with  shaggy  hair,  37  ;  fossil,  sup- 
posed by  Cuvier  to  differ  from  elephants  now  living,  ib, ;  some 
rcies  fitted  to  live  in  cold  climates,  489 ;  probably  migratory, 
;  immense  numbers  of  their  bones  and  tusks  found  near  the 
Frozen  Ocean,  ib. ;  teeth  of,  found  by  hundreds  on  the  Norfolk 
coast,  523. 

Elevation  of  granite,  223 ;  of  rocks,  two  epochs  of,  246. 

of  mountain  ranges  and  continents  (Chap.  XXII.),  491  ; 

of  the  granite  of  Chamwood,  more  ancient  than  that  of  Mont 
Blanc,  tb. ;  of  the  Cote  d'Or,  &c.,  494 ;  of  the  Pyrenees,  495. 
498 ;  of  the  western  Alps,  495 ;  Provence  and  Mont  Blanc, 
495,496. 

of  large  continents  distinct  from  that  of  mountain  ranges, 


499, 500 ;  of  the  Himalaya  Mountains,  502, 503 ;  recent  instances 
of,  504. 

of  mountains  and  strata,  76;  by  subterranean  heat,  100. 


Elk,  bones  of,  found  in  Ireland,  488. 

Elvan  of  Comwcdl  is  a  porphyritic  eurite  or  white  stone,  117. 

England,  geological  map  of,  explained,  15 ;  index  outline  of,  545* 

Entreveines  coal  mine,  176. 

Equivalents,  geological,  the  term  explained,  220. 

Eruption  of  Cotopaxi  heard  at  the  aistance  of  600  miles,  379. 

Escarpment,  the  steepest  side  of  a  mountain,  75 ;  generally  on  the 

side  of  a  mountain  range  nearest  the  sea,  ib. 
Estuary  near  Lewes,  how  filled  up  at  no  distant  period,  362. 
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Freshwater  formations^  in  the  lakes  of  North  America,  315 ;  in  the 
Paris  basin,  321 ;  in  the  Isle  of  Wight,  340.  343 ;  at  (Eningen, 
363.  365. 

■-  limestone^  340;  formed  in  recent  lakes,  478. 

FuUer's  earth,  ^\. 

G. 

Galty  or  Folkstone  marl,  294. 
Geodes,  found  in  green  sand  near  Sidmouth,  293. 
Geological  nuq}y  Plate  6.,  explained,  15;  index,  outline  of,  545. 
Geology^  advantages  to  be  derived  ^om  the  study  of,  535 ;  Profes- 
sor Sedgwick's  remarks  on  the  study  of,  537. 
Gergoviay  bones  of  land  animals  found  there  in  freshwater  lime- 
stone, 335. 

GlentiUy  in  Scotland,  peculiarities  of  granite  there,  93. 
Globtdar  strueture,  56 ;  in  basalt,  explained,  214. 

Giant's  Causeway^  206. 

Gneiss^  a  schistose  or  slaty  granite,  93 ;  alternates  with  massive 
granite,  94 ;  Chap.  VI.  102 ;  called  secondary  granite  by  some 
geologists,  103;  has  oflen  a  waved  form,  ib.\  contains  most  of 
the  metallic  ores,  ib. ;  the  principal  rock  formation  of  Sweden, 
ib. ;  not  a  stratified  rock,  t6. 

Gold,  native^  found  in  England  and  Ireland,  438. 

mines  in  Carolina,  437. 

GordalScar,  135. 

Crranit  veini  of  Saussure  an  incipient  gneiss,  103. 

Crranitef  Chap.  V. ;  composition  of,  82;  sometimes  globular,  85; 
vertical  beds  of,  86 ;  Mont  Blanc,  the  highest  point  at  which  it 
is  known  to  occur,  ib. ;  localities  of,  90 ;  at  a  lower  level  in 
North  America  than  in  Europe,  ib. ;  identity  with  sienite  main- 
tained by  Dr.  Mac  Culloch,  95 ;  relative  ages  of,  97.  221 ;  ele- 
vation of,  97.  223 ;  supposed  protrusion  of  among  secondary 
rocks,  101. 

Granitic  mountains,  aspect  of,  85. 

^  veins  shoot  up  into  superincumbent  rocks,  91 ;  instance  of 
at  Mousehole  in  Cornwall,  ii. ;  also  at  Glentilt,  93. 

Granular,  composed  of  grains,  54. 

Chravel,  beds  of  on  the  summits  of  detached  hills,  518. 

Green  marl  of  the  Paris  basin,  334. 

sand,  the  arenaceous  beds  below  chalk,  so  called,  position  of, 

238.  289;  description  of,  293;  upper  and  lower  green  sand 
separated  by  a  bed  of  stiff  clay  called  gait,  294 ;  the  lower  green 
sand  generally  ferruginous,  293. 

Greenstone,  the  diabase  of  the  French,  sometimes  called  trap,  144. 
189. 

Crrks  rouge,  grls  des  Vosges,  gr^s  bigarri,  238. 

Greywacke,  or  greywacke  slate,  German  grauwaehi,  French  iraU' 
mate,  125;  a  coarse  slate  containing  particles  of  other  rocks  and 
minerals,  t^. ;  when  the  particles  are  very  minute,  passes  into  com- 
mon slate,  ib. ;  when  the  fragments  are  numerous,  and  the  slate 
KaroAj  perceived,  resembles  coarse  sandstone  or  gritstone,  ib, ; 
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described  by  the  French  as  a  transitioii  sandstone,  ib^;  &nnt* 

lion  ^y  126;  conglomerate  associated  witb»  ib. 
GModahupey  skeleton  of  a  woman  found  m  the  calcareous  saod- 

stone,  21. 
Gypseous  marl  and  gypsum^  detached  hills  on  the  banks  of  the 

Mame  and  Seine,  332 ;  gypsum  formation,  t6. ;  organic  remains 

in,  ib. ;  bones  of  large  qua(Lrupeds  found  in,  333 ;  bones  of  bunds 

found  in,  334;  freshwater  shells  in,  separated  from  the  marina 

shells  by  a  bed  of  green  marl,  f& 
Gwsunh  or  sulphate  of  lime,  called  also  plaster  stone  and  plaster  eC 

Paris,  less  abundant  than  carbonate  oi  lime,  53 ;  constitnept 

parts  of,  ib.;  accompanying  rock  salt  in  the  Alps,  anhydrous, 

257— 25a  . 

H. 

Hading,  or  dipping  of  a  metallic  vein^  420. 

JHall,  Sir  James,  his  experiments  to  explain  the  formation  of  faa-r 
salt,  113 ;  on  limestone  and  chalk,  214 ;  on  sandstone,  307 ;  bis 
theory  on  the  formation  of  valleys  and  on  diluvian  agency,  518. 

HaUegy  Dr^  hypothesis,  4. 

Hastings  sandy  or  iron  sand,  282. 

Hibery  Bishop,  his  account  of  the  elephants  of  the  Himalaya 
Mountains,  37.  . 

Height  of  mountains,  table  of.     See  Appendix,  552. 

Herbivorous  quadrupeds,  remains  of  in  tertiary  strata,  36. 

High  Stile  Mountain,  192;  crater  of,  193. 

Himmalaya  or  Himmaleh  Mountains,  ten  thousand  feet  higheTi 
than  Mont  Blanc,  89;  believed  to  be  composed  of  secondary 
strata,  ib, ;  elephants  of,  with  shaggy  hair,  37. 

Hippopotamus,  fossil  remains  of,  common  in  England,  France,  &c^ 
4«6 ;  tooth,  cut  of,  484. 

Hone,  or  Whetstone  slate,  123. 

Hornblende  rock,  called  by  the  French  amphibole,  51  ;  melts  ewutf 
into  black  glass,  ib. ;  forms  trap  rocks,  t6. ;  analyses  of,  52 ;  gr^ 
nular  and  lamellar,  115.  144. 

slate  fibrous,  and  has  a  velvet  lustre,  115;  passes  by 

gradation  into  serpentine,  ib. ;  rare  in  England,  but  abmndant 
in  Scotland,  116;  forms  part  of  the  principal  mountain  rai]^es  m 
Europe,  tb. 

HomsUme,  or  petrosilex,  infusible  without  the  additioo  of  alka- 
lies, 50. 

Hot  springs.     See  TTtermal  waters. 

Human  bones  not  discovered  in  a  fossil  state,  20.  37. 487 ;  not  more 

perishable  than  those  of  quadrupeds,  note,  37. 
—  skeletons  in  caverns,  intermixed  with  bones  of  extinct  spe- 
cies of  quadrupeds,  448.  451. 
Humboldts  account  of  the  formation  of  new  islands,  72 ;  on  vol- 
canoes and  the  extent  of  volcanic  fire,  370.  379.  382.  394. 
Busking,  used  in  Westmoreland  for  discovering  beds  of  slate,  507. 
MvUonkm  theory  respecting  granite,  96 ;  of  metallic  veins,  428 ;  oa 

die  fnmatioa  of  valleys,  511. 
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Hyenoy  bones  of  in  Kirkdale  cavern,  45S. 

HyUeoiaurusy  or  forest  lizard,  bones  of  discovered  by  Mr.  Mantelly 
289;  unlike  any  known  species,  ib. 

I.  and  J. 

Jctspetf  49.  114 ;  beds  of  in  the  Apennines^  143. 

JavOy  volcanic  eruptions  in,  390^  391. 

IcthyosawuSy  35 ;  skeleton,  cut  of,  265 ;  conjectures  respecting  its^ 
being  an  inhabitant  of  the  present  ocean,  312. 

Jeiy  174. 

iguanodony  an  enormous  fossil  herbivorous  reptile,  discovered  by 
Mr.  Mantell ;  teeth,  cut  of,  286. 

Imbedded  rockSy  70. 

Inclination  ofstratOy  62. 

Insects  rarely  found  fossil,  remains  of  in  Stonesfield  slate,  275. 

Institutes  of  Menuy  22. 

Intermediate  or  transition  rocks.  Chap.  VII. 

Internal  or  central  heat  of  the  earth,  415.  528;  indications  of, 
529;  observations  on,  531,  532. 

Inundations  of  the  seoy  occasioned  by  volcanic  eruptions,  517* 

Irony  a  constituent  part  of  numerous  rocks,  46* 

—  stone  in  the  c(ml  strata,  probably  a  freshwater  formation,  169 ; 
numerous  regular  alternations  of  m  the  Ashby-de-la^Zouch  coal 
field,  170,  171.  173;  occurs  in  the  freshwater  beds  of  Sussex, 
which  formerly  supplied  a  great  part  of  England  with  iron,  284 ; 
enormous  mass  of  iron  ore  in  the  Valley  of  the  Mississippi,  541* 

Islands  formed  by  submarine  volcanoes,  383 ;  recent  formation  df 
an  island  near  Sicily,  phenomena  that  attended  its  appearance, 
383. 385 ;  islands  formed  of  coral ;  see  (hral.  Islands,  temperature 
ofy  more  equal  than  that  of  continents  in  the  same  latitude,  525. 

Isothermai  lines,  or  lines  of  equal  temperature,  not  parallel  with 
lines  of  latitude,  525. 

Jymgfrau  mountainy  101. 

Jura  range  of  mountains,  145.  226. 

K. 
Kamenoiy  a  volcanic  island  raised  in  a  solid  mass,  387. 
Kaolmy  soft  earthy  granite  used  for  porcelain,  96. 
Katavoironsy  gulfs  in  the  central  Morea,  445. 
KMnoay  rocky  273. 
Keuper,  a  name  given  by  the  Germans  to  the  red  marl  above  the 

new  red  sandstone,  233. 
Killasy  Cornwall,  93. 
Khnmeridffe  dayy  273. 

L. 

Lakes,  filling  up  by  alluvial  matter,  471 ;  bursting  of,  508. 

ofN^ih  Amerieoj  extent  and  levels  of,  315.  317. 

Lameuar  siruoturey  65. 

LavOf  41S ;  fluidity  of,  414;  passage  into  basalt,  209. 
LiaSf  day  and  limestone,  mineral  characters  o^  26S^  9SS ;  SMI 
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Mctrly  composed  of  calcareous  earth  and  claj,  46 ;  its  use  in  agri- 
culture, 475. 

MastodoHy  skeletons  of,  in  North  America,  486 ;  beliered  bj  the 
Indians  not  to  be  extinct,  451.  486 ;  teeth  of,  found  at  Alpnech^ 
328 ;  a  cut  of,  329 ;  found  in  the  Andes,  328  ;  in  Norfolk  cnigt 
345. 

Matlock  High  Tory  arched  stratification  of,  139;  a  cavern  and  laka 
recently  discovered  in,  443. 

Megalosaurus,  an  enormous  fossil  lizard,  discovered  by  Dr.  Bock- 
land  in  Stonesfield  slate,  285 ;  by  Mr.  Mantell,  in  the  Wealden 
beds,  ib. 

MegcUheriumy  an  enormous  carnivorous  animal,  found  fossil  in  Ame* 
rica,  487. 

Metallic  beds,  4*19 ;  minerals,  417 ;  ores,  rocks  in  which  they  occur, 
438  ;  found  in  the  sands  of  rivers,  436. 

■■  veins y  their  structure  and  formation,  420 — 434. 

AReoy  description  of,  50. 

slate,  description  of,   104;  its  affinity  to  slate  (clay  slate), 

105;  allied  to  gneiss,  ib,\  occurs  in  Anglesea  and  in  Ireland, 
and  in  various  alpine  districts,  «&. ;  minerals  common  in  mica 
slate,  106. 

Millstone  grit,  149» 

Mill-stoneSy  or  burrh  stones,  brought  from  France,  339. 

Minesy  temperature  of.     See  Appendix. 

Mississippi,  great  valley  of,  contains  the  largest  coal  field  in  tha 
world,  539,  540;  structure  of,  538. 

Molasscy  or  sofl  tertiary  sandstone,  322,  323. 

Molluscous  animalsy  30.  33. 

Monkeysy  no  fossil  remains  of,  37.  487. 

Mont  Blancy  structure  and  vertical  strata  of,  87. 

Grenier,  in  Savoy,  fall  of,  464. 

MoraifiSy  piles  of  stones  transported  by  glaciers,  462. 

Mountain  chains  and  ranges,  74,  75. 

■  limeston€,OT  upper  transition  limestone,  130, 131 ;  changet 

in,  134;  highly  metalliferous,  131.  142;  not  to  be  confounded 
with  the  calcaire  alpin  of  foreign  geologists,  145;  mountain' 
limestone  of  England  and  Wales,  131 — 142. 

rangesy  elevation  of,  Chap.  XXII.  passim. 


Mountains,  table  of  heights  of,  552* 

Muschel  halky  a  series  of  calcareous  strata  between  the  red  sand- 
stone and  red  marl  in  France  and  Germany,  wanting  in  Englami^ 
240;  muschel  kalk  of  Germany,  279. 

Muscle-hindy  a  stratum  containing  freshwater  muscles  in  the  coal 
strata  of  Yorkshire  and  Derbyshire,  165. 

Murc/Uson,  R.  •/.,  his  account  of  the  secondary  strata  of  part  of 
Germany,  278,  279;  of  the  freshwater  strata  of  CEningen,  365. 

N.  ,'^ 

Nageljlue  of  Switzerland,  or  sandstone  conglomerate,  322. 
New  red  sandstone,  probable  formation  of,  235 ;  lower  neiT  red 
sandstone  below  magnesian  limestone,  discovered  bj^'Profesiwr 
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Peaif  a  vegetable  production,  189.  478 ;  peat  moors,  478 ;  form- 
ation of,  described,  480;  human  bodies  preserved  in,  481. 

Pebbks^  stones  rounded  by  attrition,  opinions  respecting,  457$  458. 

PeniacrinuSy  recently  found  living,  32 ;  description  and  plate  of; 
see  Preliminary  Observations. 

PepperinOi  a  volcanic  tufa,  414. 

PetriJactumSy  27. 

Petwarthy  or  Sussex  marble,  283.  289. 

Phanoliiey  or  clinkstone,  190. 

Phosphoric  acidy  a  constituent  part  of  animal  bone,  combined  with 
calcareous  earth,  47  ;  rare  in  the  mineral  kingdom,  48. 

Pitehstoney  190.  412. 

Piaster  clay,  321. 

— —  stone,  a  common  name  for  gypsum,  54. 

Plesiosaurusy  a  fossil  saurian  animal,  description  of^  35;  cut  of^  265* 

Plumbagoy  or  graphite,  161. 

Poole  s  Hoky  1 35. 

Porphyritic  structurey  what,  55.  117. 

Porphyry y  191.  194.243;  trap  porphyry,  190.  193;  felspar  por- 
phyry, 190;  of  the  Andes,  194;  of  Norway,  191;  of  England, 
192;  of  Devonshire,  244. 

Pot  stone,  or  lapis  oUaris,  used  for  culinary  vessels ;  its  use  of  great 
antiquity,  112. 

Pozzolana,  414. 

Prenhite,  first  discovered  as  an  English  mineral  by  the  author,  210. 

Primary  rochsy  10,  and  Chap.V. ;  classifications  of,  79.  81. 

Progressive  developement  of  organic  lifcy  observed  as  we  advance 
from  the  older  to  the  more  recent  rock  formations,  doctrine  q£ 
maintained,  39.  41.  308 — 313. 

Protogincy  a  variety  of  granite  in  which  talc  or  chlorite  supplies 
the  place  of  mica ;  the  highest  granite  of  Mont  Blanc  is  of  this 
kind,  84. 

Protrusion  of  basalt  among  beds  of  sandstone  and  limestone,  *202. 
204.  212;  protrusion  of  granite,  101. 

Pudding  stoncy  rounded  stones  cemented  by  a  mineral  paste,  55. 

Pumice  stone,  of  Lipari,  410;  sometimes  thrown  up  by  submarine 
volcanoes,  411. 

Purheck  limestone  or  marblcy  283.  289. 

Puys,  extinct  volcanoes  in  Auvergno  so  called  i  Puv  de  Chopin|S, 
401  ;  Puy  de  D6me,  402 ;  Puy  de  Pariou,  description  and  c^it 
of,  397—400. 

Pyrites  decompose  and  ignite  by  exposure  to  air  and  water,  405. 

Q. 

QuartZy  48,  49. 

rocky  142,  143. 

Quattmary,  or  more  recent  tertiary  strata  described.  Chap,  XVII.; 

extent  of  these  strata,  351. 
Quito,  whole  mountainous  part  of,  one  immense  volcano,  394*    ^ 
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Sadiatti  amnmb^  SI. 

•  sirwture  rfrntnerali^  55. 

jRmi  mart    See  New  red  mari  and  Sandttone. 

JiemtB  in  rocke^  103. 

JReima^fkakum,  164. 

Jiki9Wcero99  fossil  remains  of,  184,  185;  tooth  o€,  cut,  184. 

Mocks.     See  Ciassifieatumy  Siructurey  &c.,  passim. 

JRoeksali,  depositaries  of,  Cheshire,  250,  251  ;  Droitwidi,  252; 
Cardona  in  Spain,  253,  254 ;  various  localities  of  rodL-salt,  ^55 
—259. 

Hoeskme.    See  OoHte. 

Roihe  iodie  liegende^  or  lowest  bed  of  new  red  sandstone,  23S.  239. 

Rowley  rag,  basalt  near  Dudley  so  called,  experiments  on,  214. 

Rmbfyf  or  nimilly  beds  in  coal  strata,  are  partly  composed  of  frag- 
ments or  loose  materials,  173. 

S. 
Saddle-shaped  straiOy  62. 
SaUve,  great  and  lUtie^  near  Geneva,  blocks  of  stones  scattered  on 

these  mountains,  519. 
Saiine  qnings,  231.  252,  253.     See  also  Rock-^aU. 
Saltj  quantity  of  in  the  ocean^  6. 
■'        works  of  Bex,  257  ;  of  the  Tarentaise,  ib. 
Sandy  inundations  of,  482 ;  in  Lybia,  483 ;  in  Cornwall,  ilk. ;  in 

Guadaloupe,  ib. 
Sandstone,  See  New  red  sandstone,  Old  red  sandstone,  and  Molasse. 
Sapphire,  crystallised  alumine  or  clay,  46. 
Saturn,  density  of,  334. 

Saurian  animals,  or  lizards,  fossil  remains  of,  34. 
Saussure,  account  of  his  ascent  up  Mont  Blanc,  86 ;  the  fiitigue  is 

supposed  to  have  abridged  his  life,  88. 
Saussurite,  crystallised  serpentine  combined  with  jade  or  felspar, 

113  ;  one  of  the  hardest  and  heaviest  of  rocks,  ib. ;  blocks  of  it 

scattered  in  the  valley  of  the  Rhone,  1 14 ;  immense  beds  of  it 

in  the  valley  of  Sass,  ib, ;  also  in  the  Apennines,  ib. 
Scaglia,  a  mode  of  chalk,  294 ;  account  of,  in  the  Tyrolese,  299. 
Scattered  blocks  of  granite,  in  the  Alps,  519,  520;  in  Cumberland 

and  Wales,  460. 
Schist.     See  Slate. 
Sea,  encroachments  of,  462. 
Seams,  or  partings  in  rocks,  how  to  be  distinguislied  from  strata, 

65. 
Secondary  rock  formations,  abound  in  remains  of  testaceous  animals, 

230;  the  floctz  or  flat  rocks  of  Werner,  231. 
—  strata  (Chap.  XL),  230 ;  mineral  and  fossil  characters  of, 

230,  231  ;  succession  and  tabular  arrangement  of,  2S3 ;  section 

of,  234 ;  secondary  strata  of  Germany,  279. 
Sedgwick,  Professor,  on  the  protrusion  of  trap  rocks,  201.  204;  on 
red  sandstone  and  magnesian  limestone,  245 — 248;  observations 
on  the  study  of  geology,  537. 
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Seleniie,  or  crystallised  gypsum,  B3. 

Sqttaria,  or  balls  of  imperfect  ironstone,  occur  m  London  cUy, 
S25 ;  Parker's  cement  made  of  them,  ii>. 

Serpentine,  analysis  of,  52 ;  description  of,  111;  localities  of,  1 12, 
1 13 ;  passage  of  into  potstone,  jade,  and  diallage,  ib. ;  remark- 
able position  of,  in  the  Apennines,  114;  serpentine  lometimM 
passes  into  trap  when  the  latter  rock  is  in  contact  vrith  lime- 
stone, ib.;  minerals  associated  with  it  allied  to  talc,  112  ;  some- 
tiraes  magnetic,  ib. ;  a  beautiful  variety  in  Anglesey,  approaching 
to  noble  or  precious  serpentine,  1 1 3. 

Sixt,  valley  of,  +59. 

Shalf,  soft  slate  with  an  excess  of  carbon,  34.  150;  called  also 
slate  clay. 

S/iatMin  tand,  287. 

Shtep,  varieties  of,  might  be  mistaken  for  distinct  species,  were 
their  skins  only  found  in  a  fossil  state,  S58. 

Shell  marl,  478 ;  remains  of  land  quadrupeds  found  in  it,  3i. 

Sienite,  a  variety  of  granite  in  which  hornblende  supplies  the  place, 
of  mica,  84;  occurs  in  Malvern  and  in  Charnwood  Forest,  116i 
when  hornblende  is  abundant,  !s  denominated  greenBt«ne,  188. 
190. 

Sienitic  fframle,  93 ;  its  passage  into  greenstone  and  trap,  ib.  and 
190. 

Silex,  or  siliceous  earth,  45  ;  flint,  chert,  opal,  agatCi  Ac,  modi^ 
cations  of,  49. 

Sill,  synonymous  with  stratum,  202. 

Silrer  ore,  vein  of,  at  Uspalaia,  425  ;  extends  ninety  miles,  i26- 

Simple  minerals  composing  rocks,  enumerated,  4-4.  48. 

Sftelebms,  human,  in  Guaduloupe  sandstone,  21  ;  in  various  caventi 
in  France  and  Germany,  448 — 451. 

Shift  tile  of,  the  crystalline  limestone  there,  more  like  the  second- 
ary or  lias,  108. 

State,  called  also  clay  slate  and  argillaceous  schistiis,  54 ;  roof 
slate,  the  purest  form  of,  ib.;  component  parts  of,  ib. 

(Chap.  VII.),  119;  cleavage  of,  123;  when  magnesia  pre vailSa 

passes  into  talcy  slate  and  chlorite,  ib.;  carbonaceous  matter 
first  discovered  in  slate  rocks  as  they  approach  the  secondary 
strata,  ib.;  impressions  of  vegetables  in  slate  rocks,  ib.i  impres- 
sions of  ferns  in  the  slate  of  Mont  Blanc  and  Mont  Cenis,  ib.  ■ 
clfects  of  crystallisation  evident  in  slate,  124;  localities  of,  i&; 
mountains  of,  have  ot\en  a  sharp  serrated  outline,  ib. ;  the  most 
metalliferous  of  rocks,  principally  lead  and  copper,  ib. 

clay,  or  shale,  a  soil  kind  found  in  coal  strata,  122;  differa   I 

from  clay  elate,  ib. ;  more  properly  called  shale  (which  see),  ib. 

Slaty,  or  lannnar,  composed  of  straight  parallel  thin  plates,  55. 

Soda  exists  in  great  abundance  in  sea  water  and  rock  salt,  47. 

Soil,  formation  of,  478. 

Solar  railiation.  Sir  W.  Ilerschdl's  observotions  on,  528. 

Stalactites,  described,  356. 

SiatnfftnitBi,  described,  356. 

Statuary  marble,  locnlitii's  of  a  )ipurious  sort  in  Scotland,  lOfi. 
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S*ome9fiM  skUe^  2S2;  description  o(  274;  extraordfairy  IbssO 
reiaBinB  iiiy  3S.  276. 

iSta^^feoiuM  (ChatK  rV.),  59 ;  the  knowled^  af^  mostinipdrtant  fior 
geologists,  60;  how  to  obtain  a  distinct  idea  of  it,  61«  68. 

Stratified  rocks^  56* 

Stream  works^  4d6. 

Structure  of  roeksy  54*. 

Sub'Apemwne  atratay  remarkable  fossil  i;pmain8  in,  358— S60;  sin- 
gular intermixture  of  animal  remains  in  part  of  these  strata, 
862. 

Submarine  volcanoes^  208 ;  near  Iceland,  ib. 

Submersion  of  coal  strata,  501,  502;  of  the  Wealden  beds,  290, 
291. 

Subterranean  fire,  granitic  mountains  owe  their  elevation  to  it,  98. 

Succession^  or  superposition  of  rocks,  remarks  on,  220. 

Sulphur^  not  a  constituent  part  of  rocks  except  in  Ae  form  of 
sulphuric  acid,  47. 

SuptrcretaceouSy  a  term  improper!  v  given  to  the  tertiarf  strata,  314. 

SuperposUum^  59 ;  whenever  similar  beds  occur  together,  tbey  lie 
in  the  same  order  of  superposition,  60. 

Swallow  holes,  135. 

SwiUeySy  or  small  coal  basins,  165. 

T. 

Tables  of  the  rocks  in  which  vegetable  organic  remains  occur,  40 ; 
of  the  internal  structure  of  rocks,  55 ;  of  the  secondary  form- 
ations, 232 ;  of  oolite  and  lias  strata  in  tlie  Bath  district  and  in 
Yorkshire,  276 ;  of  the  secondary  strata  oi  Bavaria,  278 ;  of  the 
Wealden  beds,  289;  of  the  American  lakes,  317;  of  the  Paris 
basin,  320 ;  of  the  strata  at  Alpnach,  329 ;  of  the  rocks  in 
which  different  metallic  ores  are  generally  fpund,  488;  of  the 
temperature  of  thermal  waters,  551. 

Tabular  J  or,  in  large  plates,  56 ;  structure  of  rocks,  57* 

— —  arrangement  of  red  sandstone  and  magnesian  limestone, 
by  Professor  Sedgwick,  245. 

Talcy  resembles  mica  in  appearance,  50 ;  plates  flexible,  not  elas- 
tic,  51  ;  is  infusible,  t6. ;  supplies  the  place  of  mica  in  most  of 
the  granite  of  Mont  Blanc,  U), 

TcUcous  slate,  structure  laminated,  106;  saponaceous  and  aectilc, 
ib. ;  nearly  allied  to  chlorite  slate,  ib, 

Threntaise,  gypsum  of,  257. 

Temperature  of  the  earth,  5.  42.  169.  (Chap.  XXIV.)  523  ;  proofs 
of  its  having  been  higher  at  a  former  epoch,  ib, ;  supposed 
causes  of,  524 ;  Mr.  LyelFs  theory  of,  526 ;  difficulty  of  explain- 
ing its  former  high  temperature  by  astronomical  causes,  527 ; 
temperature  of  Artesian  wells,  530 ;  of  mines.     See  Appendix. 

Tertiary  strata,  the  lower  or  more  ancient  formations  described, 
Chap.  XVI. ;  of  England  and  the  Paris  basin,  table  of,  320,  321  ; 
description  of,  321—340;  more  recent  tertiary  or  quaternary, 
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Chap.  XVII. ;  in  various  parte  of  France,  S51— d59 ;  Sub-Aperi^ 
nine  strata,  359.  364;  upper  freshwater  strata  of  CBnmgen, 
364—366. 

Teneriffe,  Peak  of,  eruptions  from,  380. 

normal  waien  and  hot  tpringa  probably  derire  their  heat  fh>Ri 
subterranean  fire,  529 ;  thermal  waters  of  England,  Ac,  tabia  of 
their  temperature,  551 ;  of  the  Alps,  555 — 560. 

TilgcUe  Forest,  conglomerate  of,  284 ;  Mr.  Mantell's  discoreries 
in,  ib, 

ToadsUme  of  Derbyahirey  431 ;  alternates  with  the  metalliferous 
limestone,  ib, 

Toumaly  M.,  his  opinion  respecting  human  bones  found  in  caves, 
449. 

Tow,  or  combustible  clay  in  coal  mines,  152. 

Trachyte,  193.  412. 

Transition  iimestone,  127.  129 — 141 ;  singular  contorted  beds  of, 
128. 

— —  rocks  (Chap.  VIL),  119;  the  lowest  rocks  in  which  fbssQ 
animal  or  vegetable  remains  are  found,  ib. ;  the  principal  reposi- 
tories of  metallic  ores,  ib. 

Transportation  of  loose  stones  and  blocks  of  granite  and  other 
rocks  to  distant  countries,  458.  519;  instances  a£,  in  our  own 
island,  460.  519. 

Trap  rocks,  95;  composition  of,  116;  varieties  of,  186^ — 190; 
igneous  origin  of,  181 ;  passage  of  into  granite,  191 ;  various 
phenomena  presented  by  them,  194 — 212;  ages  of,  216;  form- 
ation of,  213 ;  varieties  of,  188^190. 

Traumate,  or  greywacke,  125. 

Trebra,  M,,  his  observations  on  the  formation  of  ores,  434. 

TVilobite,  32 ;  peculiar  to  transition  rocks,  145. 

TVoubles  in  coal  fields,  156. 

Truttenberg  copper  mine,  the  deepest  in  the  world,  422. 

Tufa,  calcareous^  477. 

volcanic,  400 ;  beds  of,  formed  of  comminuted  trachyte,  412. 

Turtle,  fossil  remains  of,  285. 

U.  and  V. 

Vale  of  Thames,  section  of  explained,  325. 

Valley  of  les  EcheUes,  322. 

VoUleys,  longitudinal  and  transversal,  72,  73 ;  theories  of  their 
formation,  Chap.  XXIII, ;  many  valleys  in  the  Alps  were  for- 
merly lakes,  508;  valleys  of  elevation,  of  disruption,  of  sub- 
sidence, 509 ;  of  erosion,  ib. ;  original  valleys,  or  valleys  formed 
before  the  land  emerged  from  the  ocean,  521. 

Valparaiso,  coast  of,  raised  by  an  earthquake,  98. 

VegetMes,  structure  of,  39 ;  fossil  organic  remains,  classification 
of,  40;  their  importance  in  geology,  43;  vegetable  renuuns 
in  coal  strata,  165 — 173;  in  the  strata  above  the  Portland 
oolite,  274 ;  in  the  Wealden  beds,  analogous  to  thos«  of  tropical 
cUqaates,  287. 
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y0im4^  gramiiB,  rising  into  the  slate  rocks  of  Cornwall,  92.  95; 
into  gneiss  at  Aberdeen,  93. 

■  ■  tMetalHCf  their  structure  and  formation,  4*20  to  4S4;  flat 
veinsy  423;  pipe  veins,  424;  rake  veins,  420 — 425;  obser- 
vations on,  428---436 ;  junction  of  veins,  forming  what  are  called 
accumulated  veins,  425 ;  variation  of  the  quality  of  the  ore,  as 
the  veins  pass  through  different  beds  of  rock,  430 ;  veins  inter- 
sected by  beds  of  toadstone  in  Derbyshire,  431* 

Veinstone^  matrix  or  gangue ;  the  mineral  matter  assocuated  with 
metallic  ores  in  vems  sometimes  arranged  in  successive  layers 
with  the  ore,  421. 

Verde  antique,  1 12. 

Veriebraied  animaU,  division  of  into  four  classes,  34. 

Vertical  beds,  or  strata,  mistakes  respecting  them,  66;  remarks 
on,  76 ;  vertical  beds  of  Mont  Blanc,  88.  100 ;  in  the  Alps,  221. 
491,  492 ;  vertical  beds  of  limestone  and  granite  in  junction, 
observed  by  the  author  in  the  upper  part  of  the  valley  of 
Laoterbrun,  101. 

Vedcular  structure,  65* 

Vesumus,  long  periods  of  repose  between  some  of  its  erup- 
tions, 38a 

VoUxmoes.  Description  of  their  eruptions,  376*  378 ;  volcano  of 
Sumbawa,  378 ;  periods  of  repose,  380 ;  height  of  volcanoes, 
381.  383 ;  volcano  of  Popocatapetl,  381 ;  submarine  volcanoes, 
383;  recent  submarine  volcano  near  Sicily,  384;  craters  of 
eruption,  and  craters  of  elevation,  385 — 387;  aqueous  erup- 
tions with  mud,  304.  387  ;  volcanoes  occur  in  groups,  388,  389 ; 
connection  of  distant  volcanoes  with  each  other,  390 ;  sinking 
down  of  volcanoes,  391 ;  ancient  volcanoes,  their  immense  mag- 
nitude, 393 ;  extinct  volcanoes  of  Auvergne,  395 ;  volcano  of 
Pariou,  cut  of,  398 ;  Puy  de  Dome,  402 ;  Puy  de  Chopine,  a  moun- 
tain of  granite  in  the  crater  of  a  volcano,  401  ;  extinct  volcanoes 
on  the  Rhine,  403;  volcano  near  Mecca,  in  Arabia,  404. 

Volcanic  rocks  and  products,  406 ;  age  of,  414. 

. fire,  seated   far  below  the  crater,  which  is  merely  the 

chimney  of  the  volcano,'through  which  the  solid  or  gaseous  mat- 
ter escapes,  378;  observations  on,  415. 

Van  Such,  his  observations  on  dolomite,  247 ;  on  craters  of  ele- 
vation, 385. 

Vosges  mountains,  geology  of,  238,  239. 

Unconformable  position,  13.  64.  70. 

E'''  '    ving  of  new  tracts  of  land,  471. 
tertiary  beds.     See  Chap.  XVII. 
in  mountains,  90. 

W. 
Wacke,  189;  earthy  basalt,  210. 

Watt,  Mr.  Gregory,  experiments  on  lava  and  basalt,  213. 
Way-boards,  137. 

Wealden  beds  (Chap.  XIIL),  280 ;  of  Kent  and  Sussex,  281  ;  map 
of,  282 ;  wealden  of  Dorsetshire,  ib, ;  Mr.  Mantell's  luminous 
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account  of,  284;  organic  remains  in,  285,  289;  Bttbmergence 
and  elevation  of,  290. 

Webster^  Mr.y  his  account  of  the  strata  of  the  Isle  of  Wight,  341. 

WeiUj  the  waters  in,  sometimes  connected  with  subterranean  cur- 
rents, 445 ;  wells.  Artesian,  become  general  in  France  and  Ger- 
many ;  the  temperature  of  the  water  increases  with  the  depth ; 
see  note,  530 ;  and  Appendix. 

Werners  theory  of  the  origin  of  basalt,  216,  217;  of  metallic 
veins,  429,  430 ;  of  the  formation  of  valleys,  510. 

Weymouthj  burning  cliff  of^  405. 

Whetstone^  or  hone,  a  variety  of  talcy  slate  with  quartz,  123. 

Whin  Hilly  geology  of,  73. 

Whinstone  silly  202 ;  Professor  Sedgwick*s  account  of,  203 ;  Mr.W. 
Hutton's  account  of,  212. 

White  sione,  a  variety  of  granite  in  which  felspar  is  the  prindpal 
ingredient,  84. 

Wild  measureSy  129. 

Wood  coaly  or  brown  coal,  159;  its  origin,  163;  at  Bovey,  tS.;  at 
Cologne,  ib. ;  a  resinous  substance  found  in  it,  164 ;  more  recent 
than  conunon  coal,  ib, 

Woodwardy  Mr.  S.,  his  account  of  Norfolk  Crag,  344.  366. 

Wren*8  Nest  Hilly  129.  212. 

Y. 

Yellow  Hiver  of  China^  mud  brought  down  by,  470* 
Yordas  cotw,  135. 

Z. 

jSoophytes  and  molluscous  animaU,  Their  organic  remains  form  no 
inconsiderable  portion  of  the  earths  surface,  109;  may  have  the 
power  of  secreting  the  calcareous  matter  of  which  their  fossil 
remains  are  chiefly  composed,  110. 

ZetchstdMf  or  magnesian  lunestone,  248. 


THE  END. 
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ERRATUM. 
Page  188.  line  6.  abote  fhe  note,  for  "ofter '*  read  ''oAcn.** 

ERRATUM. 

Page  61.  lines  14,  15.  for  «<  The  chalk  without  flints,  the  lower  chalk  with 
,    flints,**  read  «  The  chalk  with  flints,  the  lower  chalk  without  flints.*' 
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